ENTHALPIES OF TRANSFER FOR AMIDE-WATER-ELECTROLYTE SYSTEMS by STIMSON, EVELYN REINHEIMER
Binghamton University
The Open Repository @ Binghamton (The ORB)
Graduate Dissertations and Theses Dissertations, Theses and Capstones
6-1971
ENTHALPIES OF TRANSFER FOR AMIDE-
WATER-ELECTROLYTE SYSTEMS
EVELYN REINHEIMER STIMSON
Follow this and additional works at: https://orb.binghamton.edu/dissertation_and_theses

E THAL IE 0 TR FER F 
AMIDE-WATER-ELECTROLYTE 
Y TEM 
E . R . Sti.ms on . 1970 
Published on dtmand by 
UNI VERSITY MICROFIL iS 
University M icro(l/ms Limiud, Hiih W1comb, Enfland 
.A X trox Company , Ann Arbor, Michiean, U.S.A. 
This is an authorized facsimile and was produced by 
microfilm- xerog raphy in 1972 by Un ive rsity Microfilms, 
A Xerox Company, Ann Arbor, Michigan, U.S .A . 
-------------
71-2~,62~ 
STIMSON, Evelyn Reinheimer, 1938-
EMTHALPIES OF TRANSFER FOR AMI DE-WATER-
ELECTROLYTE SYSTEMS. 
State University of New York at Binghamton, 
Ph.D., 1971 
Cheaistry • phys i cal 
Univemity Microfilms, A ~Company , Ann Arbor, Michigan 
C Evelyn Reinheimer Stimson 1971 
A11 Rights Reserved 
--- - - . 
'IIlJa IISSERTATIOJ HAS BEDI MICROFiuu:D EXACTLY AS RECEIVED 
ii 
ENTHALPIES OF TRANSFER FOR AMIDE-WATER-ELECTROLYTE SYSTEMS 
A Dissertation Presented 
By 
EVELYN REINHEIMER STIMSON 
Submitted to the Graduate School of the 
State University of New York: at Binghamton 
DOCTOR OF PHILOSOPHY 
June 1971 
(Month) (Year) 
Major Subject CHEMISTRY 
~ AS 
\ 3b 
N55 
no. /'1 
iii 
1111111111111111111 
3 1011 00587838 e 
ENTHALPIES OF TRANSFER FOR AMIDE-WATER- ELECTRO LYTE SYSTEMS 
A Dissertation 
By 
EVELYN REINHEIMER STIMSON 
Approved as to style and content by: 
--c~~ tctlirinanocOiliiiiiite e) 
(Member ) 
ftbt~#lMM e er 
Uiiiber) ~?mt~ 
JUNE 1971 
(Month) (Year) 
34621.2 
iv 
TO TOH 
ACI<NOWLEDGMENTS 
The author wishes to express her thanks and apprecia-
tion to all those many people who have contributed to the 
making of a chemist in spite of herself and to whom she is 
deeply indebted. 
Special thanks are due to: 
Drs. Gordon C. Kresheck and Harold A. Scheraga for 
introducing her to the calorimetry of ternary systems and 
biophysical chemistry; 
The faculty, staff and students of SUNY/Binghamton for 
their help and encouragement; and 
v 
Tom Stimson, who almost always suffered silently through 
the years as a neglected "grad-hubby," for his emergency 
technical repair service, financial support, endless 
encouragement, inspiration, patience, advice, as well as 
love and understanding. 
This research word was sponsored and supported by Dr. 
Euaene E. Schrier and a Public Health Service Grant from the 
Institute of General Medical Sciences. This support is 
aratefully acknowledged. 
Ithaca, New York 
June 1971 
Evelyn R. Stimson 
LIST OF TABLES • 
LIST OF FIGURES 
ABSTRACT • 
TABLE OF CONTENTS 
CHAPTER I. INTRODUCTION 
A. Opening Remarks 
8. Isothermal Denaturation of Proteins by 
vi 
ix 
xiv 
xvi 
1 
1 
Electrolytes • . • . • . • • • • • . • 3 
C. Thermodynamic Quantities of Transfer from 
Model Compounds . • • . • • . • • • . 4 
D. Experimental Methods of Determining Enthalpies 
of Transfer • . . • • 7 
1. Calorimetric Method . . . 
2. Temperature Dependence of 6Gtr 
E. Estimates of Interactions from Spectroscopic 
Measurements • • • • • • 
F. Aims of Research ••.••• 
CHAPTER II. EXPERIMENTAL METHODS 
A. Chemicals and Materials 
1. Amides 
2. Salts • 
3. Other Materials 
B. Instrumental and Experimental Procedures 
1. Calorimetric Method . • • 
•· ~~neral Description of Calorimeter • 
b. Sample Preparation • • 
7 
9 
10 
13 
1'+ 
14 
1'+ 
16 
17 
19 
19 
19 
21 
c. Techniques and Modifications 
d. Preliminary Tests 
2. Spectroscopic Method 
a. Apparatus and Procedure 
b. Preparation of Solutions 
CHAPTER III. EXPERIMENTAL RESULTS • 
A. Calorimetric Measurements 
1. Original (Reduced) Data 
a. Discussion of Format and Symbols 
b. Tables of Data 
c. Figures 
B. Spectroscopic Measurements 
1. Introduction 
vii 
22 
26 
27 
27 
27 
29 
29 
29 
29 
31 
90 
109 
109 
2. Original (Reduced) Data 111 
a. Discussion of Tables, Figures and Symbols 111 
b. Tables and Figures of Original Data 113 
3. Derived Data 
a. Treatment of Original Data • 
b. Tables and Figures of Derived Data 
C8APrER IV. DISCUSSION 
12~ 
12~ 
126 
135 
A. Coaparison of Results with Literature Values 135 
B. Correlation of Enthalpies of Transfer in Amide-
Salt-Water Systems . • • • • • • • • • • • • • • 138 
C. The R~1ationship of Salt Interaction and Amide 
Configuration for an Amide Consisting of Two 
or More Constrained Dipolar Peptide Units 1~3 
D. Effects of Substituent Groups on Amide-Salt 
Interactions • . • • . • . • . 
E. Entropy-Enthalpy Relationships . 
F. A Consideration of Additivity as Applied to 
Enthalpies of Transfer and its Relation to the 
Enthalpy of Denaturation of Lysozyme by 
viii 
150 
153 
Electrolytes • • . • • • . • 165 
G. Spectroscopic Considerations 
B. Conclusions 
APPENDIX I 
CHAPTER V. 
VITA ••• 
REFERENCES 
175 
175 
178 
188 
192 
LIST OF TABLES 
1. Electrolyte Sources and Assays 
2. Calorimeter Tests • 
Enthalpies of Solution Per Mole of Amide Dissolved to 
Give Various Molalities in Water for the Following 
Aaides: 
3. Formamide 
'· N-Hethylformamide 
5. Acetamide • • . • 
&. N-Hethylacetamide 
7. N,N-Dimethylacetamide 
8. N-Hethylpropionamide 
9. N-Acetylglycine-N-methylamide 
10. N-Acetylglycylglycine-N-methylamide 
U. N-Acetylalanine-N-methylamide • 
12. N-Acetyl-leucine-N-methylamide 
Enthalpies of Solution Per Mole of Amide Dissolved to ~ve Various Molalities in Salt Solutions and Calcu-
t ted Enthalpies of Transfer for the Amide from Water ~OUAqu~ous Salt Solutions for Systems with the 
o OW1ng Solute Components: 
13. Formamide--Sodium Chloride 1-. Formamide--Sodium Bromide 
15. Formamide--Sodium Iodide 
1&. Formamide--Alxali Halides 
17. Formamide--Alkaline Earth Halides 
18
• Formamide--Miscellaneous Electrolytes 
19
• N-Hethylformamide--Potassium Bromide 
ix 
18 
28 
32 
33 
35 
36 
37 
38 
39 
~0 
~1 
~2 
~s 
~7 
~8 
20. N-Hethylformamide--Miscellaneous Salt 
21. Acetamide--Sodium Chloride 
X 
50 
51 
22. N-Hethylacetamide--Sodium Bromide 52 
23. N,N-Dimethylacetamide--Sodium Chloride 53 
2,. N,N-Dimethylacetamide--Sodium Bromide 54 
25. N,N-Dimethylacetamide--Sodium Iodide 56 
26. N,N-Dimethylacetamide--Potassium Chloride 57 
27. N,N-Dimethylacetamide--Potassium Bromide 59 
28. N,N-Dimethylacetamide--Potassium Iodide • 61 
29. N,N-Dimethylacetamide--Lithium Perchlorate 62 
30. N-Hethylpropionamide--Sodium Chloride 63 
31. N-Hethylpropionamide--Sodium Bromide 64 
32. N-Hethylpropionamide--Sodium Iodide . 66 
33. N-Hethylpropionamide--Potassium Chloride 67 
3-. N-Hethylpropionamide--Potassium Bromide 68 
35. N-Hethylpropionamide--Potassium Iodide 70 
36. N-Acetylglycine-N-methylamide--Guanidine 
Hydrochloride . . . . . . . . . • . . . . 72 
·37. N-Acetylglycine-N-methylamide--Guanidine 
Sulfate . . . . . . . . . . . . . . . . . 7 3 
38. N-Acetylglycine-N-methylamide--Guanidine 
Thiocyanate . . . . • . • . • . • . . • . 7 4 
39. N-Acetylglycine-N-methylamide--Sodium Chloride 75 
'O• N-Acetylglycine-N-methylamide--Sodium Bromide' • 76 
'1• N-Acetylglycine-N-methylamide--Sodium Iodide 77 
'2· N-Acetylglycine-N-methylamide--Potassium 
Cllloride . . . . . . . . . . . . . . . . 78 
xi 
-3. N-Acetylglycine-N-methylamide--Potassium 
Bromide • • • • • • • • • • • • • • . • 79 
--· N-Acetylglycine-N-methylamide--Potassium 
Iodide • • • • • • • • • • • • • • • • • 81 
-5. N-Acetylglycylglycine-N-methylamide--Guanidine 
Hydrochloride • • . • • • • . • • • • • • • • 83 
-6. N-Acetylglycylglycine-N-methylamide--Potassium 
Iodide • • • • • • • • • • • • • • • . • 84 
-7. N-Acetylalanine-N-methylamide--Guanidine 
Hydrochloride • • • • • • • • • • • • • 85 
-·· N-Acetylalanine-N-methylamide--Potassium 
Iodide • • • • • • • • • • • • • • • • • 86 
-9. N-Acetyl-leucine-N-methylamide--Guanidine 
Hydrochloride • • • • • • • • • • • • • • 87 
SO. N-Acetyl-leucine-N-methylamide--Potassium 
Iodide • • • • • • • • • • • • • • • • 88 
51. Enthalpies of Solution Per Hole of Lysozyme in 
pH 2.014 HCl Buffer Solutions. Enthalpy of 
Transfer of Lysozyme from pH 2.014 HCl Bu f fer to 
3.5 m Guanidine Hydrochloride Solution, also at 
pH 2.01a. • • • • • • • • • . • • • • • • • • • • • 89 
52. Measured Absorptivities for Water as a Function of 
Wavelength and Temperature • • • • • • • • • • • 114 
53. Measured Absorptivities for Formamide as a 
Function of Wavelength and Temperature • 115 
5-. Observed Absorbances for the Formamide-Water 
System as a Function of Solution Composition, 
Wavelength, and Temperature • • • • • • • • • 116 
55. Observed Absorbances for the Sodium Bromide-Water 
System as a Function of Solution Composition, 
Wavelength, and Temperature • . • • • • • • 118 
sa. 
57. 
~bserved Absorbances for the Sodium Bromide-
ormemide System as a Function of Solution 
Composition, Wavelength, and Temperature •• 
~bserved Absorbances for the Sodium Bromide-Water-
0rm&mide System as a Function of Solution 
Coaposition, Wavelength, and Temperature ••••• 
120 
122 
58. Calculated Difference Spectra for the Formamide-
Water System as a Function of Solution Composition, 
xii 
Wavelength, and Temperature • . . . • • . • 127 
59. Calculated Difference Spectra for the Sodium 
Bromide-Water System as a Function of Solution 
Coaposition, Wavelength, and Temperature • • • 129 
&0. Calculated Difference Spectra for the Sodium 
Bromide-Formamide System as a Function of Solution 
Composition, Wavelength, and Temperature • • 131 
&1. Calculated Difference Spectra for the Sodium 
Bromide-Water-Formamide System as a Function of 
Solution Composition, Wavelength, and Temperature 133 
&2. A Comparison of the Enthalpies of Solution in 
Water with Literature Data (at 25° and atm 
pressure) • • • • • . . • • • • • • • • • • • 13 6 
&3. Sum of Polarization Density of Electrolyte Ions 
for Various Salts • . • . • • • • • • • llfl 
&-. Enthalpies of Transfer Versus the Number of 
Polarizable Amide Electrons for Some Amide-Sodium 
Bromide-Water Systems • . • • • • . • • • • • llf7 
&5. Calculated Enthalpies of Transfer of an Alanyl 
Side Chain from Water to Electrolyte Solutions 155 
&&. Calculated Enthalpies of Transfer of a Leucyl 
Group from Water to Electrolyte Solutions 156 
67
• Calculated Enthalpies of Transfer of a Peptide 
Group from Water to Electrolyte Solutions 157 
&8. Caflculated Values of the Entropy for the Transfer 
0 Leu~yl and Alanyl Side Chains from Water to ~Uanid1ne Hydrochloride Solutions at Constant 
emperature (25°) • • • • • •••• 
69
· .C;tculated Values of the Entropy for the Transfer 
; a Peptide Group from Water to Guanidine ci~chloride Solutions at Constant Temperature 
. . . . . . . . . . . . . . . . . . . 
70. ,._ . 
159 
160 
~~ar1son of the Enthalpies of Denaturation of 
raozyme . . . . . . . . . . . . . . . . . • 171 
71. Enthalpies of Solution Per Mole of Propanol 
Dissolved to Give Various Molalities in Water 
72. Enthalpies of Solution Per Mole of Propanol 
Dissolved to Give Various Molalities in Sodium 
Chloride Solutions. Calculated Enthalpies of 
· Transfer of Propanol from Water to Sodium 
xiii 
180 
Chloride Solutions . • • • • • • • • • 181 
73. Enthalpies of Solution Per Mole of Acetone 
Dissolved to Give Various Molalities in Water 
7,. Enthalpies of Solution Per Mole of Acetone 
Dissolved to Give Various Molalities in Sodium 
Chloride Solutions. Calculated Enthalpies of 
Transfer of Acetone from Water to Sodium Chloride 
183 
Solutions . . . . . . . . . . • • . . • • 18~ 
75. Parameters for the Propanol and Acetone Systems 185 
LIST OF FIGURES 
Beats of Transfer of Amides from Water to Aqueous Salt 
Solutions in Systems with the Following Solute 
ec.ponents: 
1. Formamide--Sodium Halides 
xiv 
91 
2. N-Hethylformamide--Potassium Bromide 92 
3. Acetamide--Sodium Chloride . 93 
-· H-Hethylacetamide--Sodium Bromide 9~ 
S. H,H-Dimethylacetamide--Sodium Halides 95 
&. H,H-Dimethylacetamide--Potassium Halides 96 
7. H,N-Dimethylacetamide--Lithium Perchlorate 97 
I. N-Hethylpropionamide--Sodium Halides . . 98 
9. N-Hethylpropionamide--Potassium Halides 99 
10. N-Acetylglycine-N-methylamide--Sodium Halides 100 
11. N-Acetylglycine-N-methylamide--Potassium 
Hal.ides • • • • • • • • • • • • • • . • 101 
12. N-Acetylglycine-N-methylamide--Guanidine 
Hydrochloride • • • • . • • • • • . • . 102 
13. N-Acetylglycylglycine-N-methylamide--Guanidine 
Hydrochloride • • • • . • • . • . • • • • • • 103 
1-. N-Acetylglycylglycine-N-methylamide--Potassium 
Iodide • • • • • • • • • • • • • • • • • • • • 10~ 
15. N-Acetylalanine-N-methylamide--Guanidine 
Hydrochloride • , • • • , • • • • • . • lOS 
1&. N-Acetylalanine-N-methylamide--Potassium 
Iodide • • • • • • • • • • • • • • • • . 106 
17
• N-Acetyl-leucine-N-methylamide--Guanidine 
Hydrochloride , • , • • • • • • • • • • • 107 
XV 
11. N-Acetyl-leucine-N-methylamide--Potassium 
Iodide o o o • • • • • o • • • • • • • • o 10 8 
11. Characteristic Spectral Shifts in Formamide-Sodium 
Bromide-Water Systems as a Function of Temperature 123 
20. Calculated Difference Spectra for the Formamide-
Sodium Bromide-Water Systems as a Function of 
Temperature o • • • • • • • • • • o • 134 
21. Variation of the Heats of Transfer of Formamide 
from Water to 0.5 m Salt Solutions with the Sum 
of Polarization Densities of the Ions • • • • • 142 
22. Beats of Transfer, as a Function of the Number of 
Polarizable Amide Electrons, from Water to Sodium 
Bromide Solutions • o • o • • • • • • • 148 
23. Beats of Transfer of Groups from Water to Salt 
Solution o o o • • 0 • 0 • 0 0 0 • • • • • • • 15 8 
2,. Enthalpy-Entropy Relationship for the Transfer of 
Leucyl and Alanyl Side Chains f rom Water to 
Guanidine Hydrochloride Solutions at Constant 
Temperature o • o 0 • • 0 • • • 0 • • • 0 0 • 161 
25. Enthalpy-Entropy Relationship for the Transfer of 
• Peptide Group from Water to Guanidine Hydro-
chloride Solutions at Constant Temperature • . 162 
28. Heats of Transfer of Propanol from Water to Sodium 
Chloride Solutions . . . 0 . . 0 . . . 0 0 . . 0 . 186 
27. Heats of Transfer of Acetone from Water to Sodium 
Chloride Solutions . 0 . . . 0 . 0 . 0 0 0 0 0 . 0 187 
xvi 
£1!BALPIES OF TRANSFER FOR AMIDE-WATER-ELECTROLYTE SYSTEMS 
(June, 1971) 
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Directed by: Dr. Eugene E. Schrier 
!be enthalpies of transfer for model amides, 
1,1 -diaethylacetamide, N-methylacetamide, acetamide, 
f~de1 N-methylformamide, N-acetylglycine-N-methylamide, 
1-acetylalanine-N-methylamide, N-acetylleucine-N-methyl-
-.ide, and N-acetylglycylglycine-N-methylamide, from water 
to ~ueoua salt solution have been measured at 25° using the 
.. tbod of solution calorimetry. Measurements were done at 
lt.!tina amide concentrations over a wide range of salt con-
C8Dtrationa, 0.1 to 7.0 molal in some cases. Salts employed 
included alkali halides, alkaline earth halides, and guani-
dine hydrochloride. Trends in the heats of transfer were 
observed in an attempt to better characterize the forces 
NSPGftsible for isothermal denaturation by electrolytes. 
lroa the dependence of the amide transfer upon 1) the 
tot~ pol i . . 
ar zat1on dens1ty of the solvent, 2) the length of 
the peptide, 3) the configuration of the peptide, 4) the 
aubatituents on the peptide, and 5) the molecular symmetry 
Of the aai 
de, it is postulated that dispersion forces are 
~-t in these systems. 
xvii 
Flnally, a model is presented for enzyme denaturation 
baled upon the model compound data and this is tested for 
~ case of lysozyme. 
C H A P T E R I 
INTRODUCTION 
A. Opening Remarks 
Although it is known that inorganic salts as well as 
grea, guanidine hydrochlori de, alcohols, organic solvents, 
etc., denature proteins and nucleic acids reversibly and 
1-5 iaothU'IIIal.ly in aqueous solutions, the mechanisms or 
forces responsible for these conformational changes are the 
1 
5 
eubject of uncertainty and controversy. Nonetheless, it is 
clear that salts influence conformation and, consequently, the 
.ativity of enzymes and biological processes. 
One of the most important biological systems, there-
fore, consists of salt-water-biopolymer. Proteins, nucleic 
leida, and other polyfunctional compounds exist and function, 
1ft vivo, in an environment of predominantly salt, water, 
~ nonelectrolytes, such as sugars and lipids for instance. 
!be understanding of the phenomenon of conformational 
abanaea of macromolecules in these media is basic to the 
understanding of biochemical systems. 
Hydrogen bonding, hydration, hydrophobic bonding, 
~lea in water structure, electrostatic interactions, ion 
btn4inl and charge-transfer complexing are some of the 
_tolaible modes of intermolecular interaction that have been 
PGitulated to be responsible for these changes in proteins.l-S 
Syat ... such as aliphatic amide-salt - water represent a 
d18tinctly different degree of complexity from protein 
IOlutions. Yet the intermolecular forces responsible for 
dis10lution and solvation of an amide group are similar to 
tbose for a peptide group on a protein which is changing 
2 
its environment from a hydrophobic region to the surrounding 
~ueous medium in the course of a conformational change. 
Although the applicability of model compound data to 
the elucidation of processes taking place in large molecules 
is DOt established on theoretical grounds, one approach in 
the attempt to predict the free ene rgy changes and related 
quantities associated with conformational changes in salt 
solutions, if only in an empirical manner, has been to 
.. luae that the different groups of a protein molecule can 
be considered to a first approximation as sets of species 
aa.ponents in a thermodynamic sense. 5- 6 These group proper-
tiel are obtained from small model compounds and are assumed 
applicable to more complex systems of interest. The results 
to be Presented in this thesis provide enthalpy data for 
~del compounds which may be used 1) to examine the addi-
tivity hypothesis considering a different thermodynamic 
P~perty, 2) to shed more light on the forces operating in 
these lystems, and 3) to predict the enthalpy of conforma-
tional change in protein-water-salt systems. 
B. Isothermal Denaturation of Proteins 
by Electrolytes 
Enaymes and other proteins have a three-dimensional 
structure or conformation which represents the biolo6ically 
active ("native") form in solution. This conformation is 
dependent upon pH, temperature, added electrolytes, and 
other perturbing forces. Through such stresses the protein 
can denature or change conformation and become inactive. 
3 
In this work we will consider primarily the effect of 
~electrolytes to an isothermal solution, at neutral pH 
ucS constant temperature ( 25°). Presumably the "native" 
atrQcture is the state with minimum energy so that through 
tbe addition of electrolytes the protein-protein and 
PfOtein-solvent interactions are energetically altered. 
Uftfortunately, as is well known, the stability of protein 
conformations is largely determined by weak noncovalent 
fQ~Qea, Which are the most difficult to treat quantitatively 
in ana P~io~i calculation of protein structure for a given 
peptide aequence. 7- 8 Consequently the structure of a 
~tein &nd the thermodynamic parameters of denaturation 
a.nnot be calculated a priori at present. Physico-chemical 
.... urements, and a working theoretical hypothesis to relate 
denaturation to the observable properties arising from 
lhter.olecular forces, are still required. 
C. Thermodynamic Quantities of Transfer 
from Hodel Compounds 
If intermolecular forces between proteins and electro-
lyte• are assumed to be only electrostatic, they are addi-
tive only in the absence of polarizati~n. 9 Since in all 
~ .alecules and molecular systems, the addition of one 
abaraed group causes a redistribution of charges, the addi-
tivity of group contributions to intermolecular forces may 
DOt be realistic in all cases. Likewise, inductive effects 
bet.een different molecules with conjugation or double bonds 
.. , cause an electron redistribution as well. In fact, it 
ia known that stabilization through electron delocalization 
often increases more rapidly than expected from a linear 
~lationship. 10 In these cases there results a breakdown in 
tbe additivity of intermolecular forces of groups so that 
COllective terms must be considered. 
But whenever it is realistic to consider the additivity 
of lrOup contributions, it is assumed that each portion of 
the co.pound reacts independently and unperturbed by any 
lrOup attached to it; i.e., minimal electron delocalization 
~OVerlap. This is equivalent to partitioning a protein 
lato it 
• component groups so that 
•rtr • I ar 3 tr,j (1) 
~ IF represents the molecular thermodynamic property 
tr 
(~energy, enthalpy, entropy, or heat capacity) of 
~fer froa water to electrolyte solution and 6ftr repre-
.-ts 'tllat for on.ly a small group or portion of the mole-
cule. Vi1:b this simplified theory, S-S the individual 
~c group contributions may be experimentally 
MUurecl using sma.ll model compounds that have a set of 
JrOUPS in com.on. It may not even be necessary that the 
.adel ca.pounds are homologs of the more complex molecule 
under consideration, although homologs of comparable 
polarity are definitely preferable. 
Variation and embellishment of the basic additivity 
~t can take many different theoretical forms to relate 
8Xperi.en1:ally measured group enthalpies and the processes 
~ in biological systems. The hypothesis does not 
Jl"detexwine: 
1) Cboice of model compounds or model systems, 
2) Size of the group to be considered, 
I) lbetber one type of noncovalent bonding (e.g., 
~sen bonding, ion binding, etc.) can be 
CODsidered in exclusion of all others, 
'l Treat.ent of nonlinear contributions (e.g., 
COoperative effects) . 
Ia this WOrk the model compounds are chosen on the 
._la Of their 
simplicity. Formamide is used as the model 
5 
~a~· peptide group without the hydrophobic Ca 
oai»>n• Through measured enthalpies of transfer, the 
~· of varying the ionic radius and charge of both the 
~lyte anion and cation in model systems are expected 
to ,.ovide information applicable to the backbone peptide 
~P• in a macromolecule under similar circumstances. The 
effect• of increasing the structural and electrostatic com-
plexity, through additional hydrophobic and peptide groups, 
6 
far an amide series are expected to indicate the forces upon 
tblae croups. These amide-electrolyte-water solutions serve 
48 .adel systems for enzyme-electrolyte-water systems in 
Vbich denaturation occurs within the concentration range of 
electrolytes studied in the model systems. Thus the trans-
fer enthalpies derived from the model systems are expected 
to approximate that transfer enthalpy which results from a 
llobular protein molecule, only peripherally exposed to the 
electrolyte solution, uncoiling and exposing all its 
internal. units to the solvent. From this viewpoint 
61
denaturation : r 6htr 
.-.. " . a JUdicious choice of 6h 's is made. 
tr 
(2) 
D. Experimental Methods of Determining 
Enthalpies of Transfer 
Of the direct calorimetric methods for measuring 6Htr 
--i.e., heat capacity, differential and integral heats of 
~ion and dilution--that involving the integral heat of 
10lution11 was selected because it could achieve the 
.,..test accuracy considering the equipment which was 
available. 
In the integral heat of solution method, we measure 
tbe heat change associated with the following process 
Solution of 
Amide in 
Water with 
Molality of 
Amide = m1 
( 3) 
IDthla process, the measured heat change, q, is related to 
tbe intearal heat of solution as 
6Ji'! q3 
BOln a-
ml (~) 
integral heat of solution refers 
7 
!be superscript "w" on the 
• the fact that the amide has been dissolved in pure water. 
St.ilarly, we measure the integral heat of the 
+ 
Solution of 
Amide and Salt 
in Water with 
Molality of 
Amide = m1 Salt = m2 
( 5) 
(6) 
~ tbe superscript, "ws", implies that the amide has been 
~lved in an aqueous salt solution. 
!be heat of transfer of the amide between water and 
tbe salt solution is given as 
411ws _ l!Hw 
soln soln (7) 
ID ~ctice, the amide molalities are kept small to avoid 
~ oa.plication from short range amide-amide interactions. 
'l'be -.olal enthalpy of transfer then is the enthalpy change 
~anying the transfer of one mole of amide from water 
to en ~ueous salt solution at amide molalities approxi-
aat!Da infinite dilution. 
Although there has been no systematic study of the 
~ior Of amides in aqueous electrolyte solution, a few 
~ta do exist. 12 There are more extensive data for 
~ ... containing compounds other than amides.lJ-l? How-
..... these 
results are of varying levels of precision or 
• '-ttered salt concentrations. 
8 
, .. perature Dependence of ~Gtr 
Although it is possible in principle to obtain ~Htr 
!loa the temperature dependence of 6Gtr• it is difficult 
Obtain high precision over a sufficiently broad tempera-
tMPe ran1e so that the derivative is meaningful. Further-
~. of the available methods for determining ~Gtr--such 
81 solubility, distribution, vapor-pressure, and electro-
olwaical-all pose other inherent difficulties and limita-
~. The concentration range is severely limited in the 
IOlubility method, solubility and solvent effects are a 
J~Qblem with distributions and the vapor pressure of the 
IOlute may cause problems in isopiestic determinations. Of 
tbese aethods, the electrochemical method is often con-
~d to be better for measuring small differences; even 
10, because large differences in the nonelectrolyte concen-
tltctlons must be utilized in order to obtain measureable 
IAE for systems with small transfer energies, the lower 
lialt Of the mean nonelectrolyte concentration is limited. 
In View of these restrictions, the distribution, 6 iso-
Pleatlc 18 19 
• and electrochemical methods have been applied 
aaly to • few compounds analogous to amides to obtain 6Gtr 
bit~ temperature dependence of 6G has not been studied. 
tr 
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E. Estimates of Interactions from 
Spectroscopic Measurements 
ODe possible method of investigating the nature of 
~lecular forces and of determining thermodynamic 
- 20-21 ~ties is the spectroscop1c method. 
10 
!he spectral method has been applied successfully, for 
~ance, in the ultraviolet region for the determination of 
• - 22-24 - f tbe enthalp1es of denaturat1on. However, extens~on o 
tbe .. tbod to tyrosine as a model compound did not detect a 
aalt perturbation of the position of absorption of the 
~lie group. 25 Since most concentrated salt solutions 
~DOt transparent in the far ultraviolet, the considera-
~ of other model compounds is not practical. 
Another example where this method has been used is that 
fOI' the lAS phase study of intermolecular forces. For 
~ce, the pressure-induced absorption shifts of the 
~onal lines in the vibrational-rotational bands of 
11:1 by the addition of other gases have been shown to indi-
cate that both long-range and short-range attractions are 
~l&ry to account for the experimental features in rota-
~ aDalysis. 26 But as the intermolecular distances 
~ .... the frequency of collision increases so that 
~in aeneral do not show rotational fine structure. 
&o..ver, the observed alterations of the broad vibra-
bands are resultants of electrostatic interactions 
attributed to any one or a combination of the 
~ina: 1) a shift or broadening when free rotation of 
til classical oscillating dipole is restricted, 2) a new 
biD4 or species resulting from a strong attractive inter-
~. or 3) changed transition probabilities or energies 
... to vibronic or other perturbations. 
Unfortunately, even though band position, shape, and 
intensity theoretically reflect all intermolecular inter-
lations accurately in solution, the quantitative interpre-
t.tlon of the vibrational-rotational bands is difficult. 
FOI' iDatance, McCabe and Fisher27 treat binary solutions 
with near-infrared difference spectral methods but do not 
extend the study to three components. 
11 
lonetheless, because spectra obtained in both the near 
lad far infrared have been used in studies of hydrogen 
........ __ 28 
---.w• and other secondary interactions, and in view of 
tba postulated importance of these interactions in poly-
~· conformational stability, we decided to try an 
llploratory study in the practical near infrared spectro-
--,ic reaion as an alternative means of estimating an order 
Of lll&nitude for the transfer energy. 
1ft Order to apply this method, we will first make the 
~ina simplifying assumptions for an ideal amide-salt-
-- aixture: 
12 
A liquid mixture of noninteracting, nearly spherical 
.olecules, is analogous to a condensed gas. 
!he ground state amide and ground state water mole-
cules will retain the same energies in all ideal 
.olutions at a given temperature. 
!he reference states chosen will be that of the 
average amide molecule in pure formamide solution 
at a given temperature, and likewise for the water 
80lecules, without regard to species present. 
,, Only one other amide electronic state is involved. 
I) !he vibrational sum rule holds so that the intensity 
is proportional to the number of molecules for 
collisional and therm.al excitation. 
'fben from the measured density and concentration in a 
ldatuzoe, and the experimental absorbances of the pure 
~ce solutions, it is possible to calculate an ideal 
~ce for a mixture which can be compared to the 
Any salt concentration or temperature 
or intensity change will qualitatively 
.. attributed to some molecular interactions of otherwise 
~ied origin. In brief, this is analogous to deter-
~- excess property and could lead in the most favor-
case to an estimate of AH 
u tr" 
actual description of the details involved will 
until the discussion of the results. 
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F. Aims of Research 
vas initiated to systematically determine enthal-
order 1) to seek 
~·~ns which might give insight into the nature of the 
forces involved in the interact i ons occurring 
solutions, 2) to use this information for 
macromolecules such as 
and 3) to explore other possible ways of deter-
llf 
C H A P T E R II 
EXPERIMENTAL METHODS 
instruments, and experimental tech-
used in this work are described briefly in this 
A. Chemicals and Materials 
L Aaides 
For.amide, Scintillation Grade obtained from Nuclear 
~rises, or Reagent Grade obtained from Eastman Kodak 
cp.. was fractionally recrystallized twice under dry nitro-
l!la by the method outlined by Lagowski. 29 The material so 
~ed was chromatographically pure (>99.9\) when tested 
with a Beckman GC-If Flame Ionization Gas Chromatograph 
~ three different columns (Ten percent Carbowax-20 M 
Ga~sorb W, 25\ SE-30 on Chromosorb P and 10\ Versamid 
GDCbromosorb W). This material had a melting point of 
l §S• (uncorrected) and was stored under Linde 4A molecular 
d . . t. 30 ryness. Karl F~sher t~tra ~ens 
0.05\ water. 
l~thylformamide (NMF), purchased from Eastman Kodak 
Vacuum distilled at approximately 51° and 1 mm 
from phosphorus pentoxide. It was dried over 
~~~~~ sieves and was shown to be chromatographically 
from decomposition products, other amides, 
(DHF), from Burdick & Jackson 
reagent grade potassium hydroxide pellets. The 
~tographically pure amide was stored over molecular 
vea but was not assayed for water content since only a 
31 fw ppa are reported for material treated similarly. 
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Acetamide purchased from Eastman Kodak Co. was dis-
~lved in hot anhydrous methanol, filtered, diluted and 
~ata11ized with anhydrous diethylether. 29 The crystals 
were filtered, washed, and stored over P2o5 in a vacuum 
desiccator for several weeks until all traces of solvents 
W been removed. 
1-.ethy1acetamide (NMA) received from Eastman Kodak 
eo .... purified by fractional freezing and the crystalline 
~ct stored over P2o5 , in vacuo, to maintain dryness. 
I,H -dimethy1acetamide (DHA), distilled in glass and 
Picked under nitrogen by Burdick & Jackson Laboratories, 
... chromatographically pure when received (>99.99\) and 
... used Without further purification. Dryness again was 
-.tnt&ined with molecular sieves. 
l-acety1glycine-N-methylamide, purchased from Cyclo 
Corp., was recrystallized twice from hot methyl 
solutions, filtered, ground to a fine powder and 
~for several weeks in a vacuum desiccator over P2o5 
..ell all traces of methyl acetate and water were removed. 
~.aide melted at 159.5° (uncorrected) under an atmos-
..... of nitrogen. 
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J-acetylglycylglycine-N-methylamide, custom synthesized 
.,. l'olc Chemical Co. , was dried and used without further 
parification. 
--.cetylalanine-N-methylamide and N-acetyl-leucine-N-
..thflamide were purchased from Fox Chemical Co., dried in 
v.cuo for at least 24 hr and used without further purifi-
cation. 
~thylpropionamide (NMP) obtained from Eastman Kodak 
Co. VU purified by vacuum distillation. The constant 
bo~ middle third fraction was collected under nitrogen 
-.d atored over molecular sieves. The product purity 
(~1.19\) was determined chromatographically. 
Ill White Lysozyme from Sigma Chemical Co., was Grade 
1
• a tt.es crystallized, dialyzed and lyophilized. The 
-.ter content was determined by heating a weighed sample in 
•acau. oven at 100° until a constant weight was obtained 
c.o.at 2 .. hr>. 
2
• Salta 
-. 
Salta Were routinely dried as needed but otherwise 
USed normally without further purification. Although 
17 
were made in calculations of concentrations, it 
that certain i mpurities could not 
and these batches of salts were eliminated or 
as necessary. In Table 1 are listed the 
Siita used, sources, and assays reported on the label or 
....,..S by standard methods. 
a. Other Materials 
Acetone from Burdick & Jackson Laboratories was used as 
tbe reaaent in the calorimetric determinations while acetone 
~J. r. Baker Chemical Co. was routinely used for washing 
tba calari.eter cell. The former product was dry (~0.02\) 
~the latter product had a variable water content. 
litroaen gas was obtained from different sources but 
... alva,. of the highest purity and dryness. 
1Dlecu1ar sieves of Types 3A and 4A were obtained from 
llaber Scientific Co. and were a product of Linde Air 
~.Co. These were regenerated as necessary by heating 
1a • fQftlace at approximately 400° for 24 hr or longer. 
!ria(aethylhydroxy)aminomethane, abbreviated Tris or 
111a11. •- P"-chased 
-. from Sigma Chemical Co. and used as 
~Yed except for drying. 
All COncentrated and diluted hydrochloric acid used 
... ~ Analyzed Reagent Grade. 
'"Fa 
LlCl 
Lfc!to .. (anhyr. ) 
lf&Cl2•&B20 
IQ 
... 
ICl 
.... 
lai 
... 
.... 
~ ·~ IIJBc:l• 
~so,.• 
~· 
Table 1 
Electrolyte Sources and Assays 
Source 
J. T. Baker Chemical Co. 99.8% 
K & K Laboratories 95 
Fisher Scientific Co. 99.9 
J. T. Baker Chemical Co. 97.4 
Recrystallized from water 
Fisher Scientific Co. 99 
J. T. Baker Chemical Co. 99.9 
K & K Laboratories >99.8 
J. T. Baker Chemical Co. 99.9 
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Assay 
" 
" 
" 
" 
" 
99.9, 100.0 
99.9, 100.3 
100.0, 101.0 
99.9, 100.0 
99.6, 99.7, 99.9 
" 
" 
>99.9, Iodine free 
100.0 
" 100.5 
Fisher Scientific Co. 99.8 
K i K Laboratories 95 
Eastman Kodak Co. 
" 
" 
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Less than 0.0 2\ water content was maintained 
the experime nts . 
d i s ti l led , was neither degassed nor 
Originally an attempt was made to use 
variable amounts of air were beat 
by the stirrer . Since operat ion of 
~imeter with degassed solutions indic ated a major 
~--6 32 · an of both apparatus and procedure, this precaution 
dropped because air d id not significantly affect t he 
l'eialt!Da transfer enthalpies . However , the pH of the salt 
always higher than pH 6 and was usually near 
for those solutions buffered elsewhere . 
I. Instruments and Experimental Procedures 
description of the calorimeter . All heats 
to calculate t h e heats of transfer were 
commerci ally available instrument-- the LKB 
1700-l Pre · . 3 3 c~s~on Cal orime ter. This calorimetric 
1a one of the basic des igns deve lope d by Sunner and 
... 
This model is one o f t he s h ielde d isot h ermal 
IUitable for heats o f s o l u t ion i n wh ich t he 
rapidly in a narrow temperature range 
forty degrees at atmospheric pressure. 
three major components: 
A thermostated bath, with a proportional heater 
controller (LKB 67600), and an external 
Laude Model R-2 Bath was used in this 
calorimeter assembly (LKB HB721-U, including 
activated ampoule breaker (LKB HB722) and 
(LKB 18723); and 
The electronic console with power supply (LKB 
•lltQiPIJLJ, 1alvanometer (Hewli tt Packard H419A), D.C. pot en-
ter (LKB 18704), Wheatstone bridge (LKB HB703), elec-
cells 
I Co., Ltd.) and recorder (a Beckman 10" Linear-
Recorder, Hodel 1100502). 
glass reaction vessel (100 
COfttained a temperature sensing thermistor (2K), an 
ical heater (500) for calibration, a combination 
20 
holder, and an embedded sapphire 
bottom for heat-free punctures. The reaction 
assembled in a reflective chrome washed brass 
evacuated, and submerged into the 
21 
by the mechanical crushing 
ampoule (:: 1 ml) on the sapphire t -ip and 
or absorbed was followed as a resistance 
in the reaction vessel. 
description of the instrument, the 
Sample preparation. The most demanding step in 
~~~Gle calorimetric procedure was that of preparing the 
It is this step which determined the accuracy as 
precision of the results. The difficulties 
tered in sealing a sufficiently accurate weight of 
dry compound under an inert atmosphere of gas could 
~ibuted to: 1) the hygroscopic nature of the amides 
the variation in quality, cleanliness, size, and 
ampoules supplied by the manufacturer. 
t Problem was largely circumvented by working in a 
flushed with dry prepurified nitrogen. The second 
less consistent error; an error for 
difficult to make corrections. The fact that 
~~·4•r's ampoules (especially those with ::1 mm stems) 
"calorimetrically" clean inside was often visually 
&nd in other cases, was detected by the weight 
the difference in weight of an empty 
before se 1. . 
a 1ng W1th the miniature oxygen torch and 
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Tests of this nature determined that the 
only reliable to the nearest 0.1 mg. 
it was desirable to approximate infinite 
nearly as possible, it was often necessary to 
use larger sample weights in order to reduce 
~li~~entage error in the weight and in the resulting 
Thus, even though the detection of small heats 
as reliable as large ones, the sample weights 
'~-*~~ut this work were in the 0.05 to 1.0 gram range, 
aa .. ~~ting errors of :0.1\ or less to the final heats of 
Larger sample sizes were avoided not only because 
was violated, but also 
corrections for heat losses were considera.ble. 
Techniques and modifications. Since the LKB 
. . h . 1 33 t as outl~ned ~n t e~r manua , was no 
experiments reported here, a brief 
alternative operational procedure followed 
the following discussion. This alternative 
adapted from adiabatic calorimetry experience, 3 ~ 
only after it had proven to be more sensitive than 
procedure and to give identical results--both in 
And accuracy--for the particular problems of 
is here equivalent to no 
being generated) adjustment of the ampoule in 
23 
100 ml reaction vessel was weighed on 
Analytical Balance, and reweighed with 100 ml of 
the vessel from a 100-ml volumetric 
The reaction vessel was then coupled tightly 
the components were then assembled. 
jd .. ~ial vacuum (always 150 mm) was drawn on the can in 
heat losses to the bath and to 
effects from a variable bath temperature. (The 
~lciencies in the mixing and equilibration of the bath 
by a simple ice cube test. An ice cube 
register this imbalance was determined. 
to re-equilibrate the system within the 
l• company specification throughout the bath were also 
In laboratories used with poor air-conditioning 
drafts of air upon the outside created 
the bath temperature.) A bath tempera-
was used throughout the series of experiments. 
stirrer motor was always set on the "high" (600 rpm 
lpeed) position but the cable was modified to a free 
and variable heating effects 
to occur from variable turning rates 
frictional constraints at the terminal couplings. 
Of all compounds investigated and reported here 
less than one minute under these conditions. 
ions and heat loss corrections were rela-
was maintained as closely 
possible, experiments performed under ambient 
ranging from 19° to 29° gave the same heats 
The primary difference in runs at these 
longer pre-equ i libra-
necessary to bring the sample to the desired 
Final adjustments to bring the samples to 
of 25.00° were usually made manually. 
cell was stable at 
for approximately ten minutes, the recorder was 
the galvanometer sensitivity turned up. 
of the calorimeter with the recorder was 
a manner such that a full ten inch chart deflec-
equivalent to a 0.1 or 0.2 Q shift 
some trial experiments) with the re-
aet on the 1 mv range. In this way a 0.002 cal 
Chanae (5 x 10-60 change in temperature), such as 
vaporization of water into a 1 ml ampoule 
nitrogen, was observable. A recorder chart 
Of two inches per minute was used. The heat of 
ampoule was small (<0.1\) relative to the 
.. aaured and was cancelled out to a large extent in 
25 
of transfer heats. Glass corrections were 
than errors from other sources and were 
recorder trace had been established and 
bridge setting was recorded a 0.1 0 shift was 
the final bridge setting was recorded 
calibration. After the base line was reestab-
of the ampoule _was initiated manually. 
adjusted to bring the recorder trace on 
Extrapolation of these 
through the mixing period was made and the half 
value was used to correct the resistance 
was made in every experiment 
Furthermore, the 
for all samples. Only 
lead was making inter-
COntact was the heat capacity of the solution used 
duplicate sample in order to salvage the data. 
necessi-
For experiments reported here, the 
time was always 80 ± 0.0003 sec, and either 
mw power was used. The recording technique 
the heat capacity determinations was the same as 
26 
the beat of solution determinations except that the 
.-~~.~beat losses necessitated use of a 0.63 "half-
calorimeter thermistor was calibrated against a NBS 
platinum resistance thermometer ( Leeds & Northrup 
in conjunction with a Mueller bridge (Rubicon Co. 
fitting the thermistor-temperature data to the 
exp(8/T+a) (8) 
& alightly larger temperature interval than that used in 
These constants were used to 
resistance changes into temperature dif-
Using the constants derived from the thermistor 
tempera-
were calculated and printed 
a program on the IBM 360/~0 computer. 
Three calibration and test 
were used initially to test the calorimeter, its 
and techniques. These were: 
!ria(methylhydroxy)aminomethane titrated with 0.1 M 
Bel, 
solution in water, and 
(diaethylformamide) solution in water. 
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these tests and the literature values 
2. Considering the lack of "real" test 
for solution calorimetry as well as the concen-
dependencies observed, 36 the agreement was con-
Hethod 
Because of the lack of 
were run using dry air at 
in the reference compartment of a Cary 14 
ioDhotom.eter. All sample solutions were run with the 
when cleaned thoroughly and rou-
0 
20000 A 
under the same instrumental conditions {i.e., scan 
speed, slit, slidewire, and damping condi-
All peaks were considered relative to the trans-
precautionary measure since there were 
lamp characteristics changed during the 
was controlled between 0.15 and 0. 2. 
effects, as well as the greater accuracy 
by Weights, all solutions were prepared by weight. 
Of these solutions were measured as a function of 
a Christian Becker Density Balance and an 
Probe as the temperature monitor. 
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Table 2 
Calorimeter Tests 
Molality t.H 
soln Literature Reference 
X 102 kcal mole-l Value Number 
2.71J5 -7.113 -7.101 36 
2.093 -7.115 -7.112 to 7 . 125 33 
2.0695 ~.101 ~.115 ± 0.010 37 
2.2165 ~.083 ~.104 ± 0.002 38 
3.2 .. 31 4.119 
2.0812 ~.084 
... 8656 ~.116 
1.8379 ~.096 
1.3355 ~.10~ 
Average ~.100 ± 0.005 
2.6061 
-3.637 -3.640 ± 0.029 39 
5.02 .. 0 
-3.651 
1.8951f 
-3.623 
7.639 
-3.631 
9.035 .. 
-3.631 
-3.635 ± 0.005 
are corrected to infinite dilution. 
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C H A P T E R I I I 
EXPERIMENTAL RESULTS 
A. Calorimetric Meas urements 
(Reduced) Data 
format and symbo l s . The experimental 
tabulated in the section which follows. Each model 
either AMIDE-WATER SYSTEM or AMIDE-ELECTROLYTE-WATER 
is giv~n a separate page labeled accordingly, except 
may contain a series of electrolytes. When a 
a series, such as the FORMAMIDE-AL.KALINE 
SERIES, the individual salts are indi-
text of the table. 
of four columns or less headed by 
The amide concentration is given 
in moles per 1000 grams of water. 
The electrolyte concentration is 
given in moles per 1000 grams of 
water. 
The amide molal heat of solution is 
as defined in equation ~ or 6. 
-1 
This represents the amide molal 
transfer enthalpy calculated from 
the average values according to 
equation 7. 
of these values is indicated by the 
of the transfer enthalpy data contained in these 
30 
graphical form in the Figures 0-18) 
the tables. 
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b. Tables of Data. 
Table 3 
of Solution Per Mole of Formamide 
to Give Various Molalities in Water 
Molality 
~X 102 
1.5683 
2.0202 
5.6572 
AHW 
soln 
kcal mole-l 
0 ... 876 
0 ... 825 
Ave. o ... a .. a ± 0.0016 
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Table I+ 
Enthalpies of Solution Per Hole of 
•-Methylformamide Dissolved to Give 
Various Molalities in Water 
-6Hw 
soln 
kcal mole-l 
1.019 .. 1. 709 
1.0958 1. 701 
1.22 .. 5 1. 705 
1.2287 1.711 
1.2725 1. 700 
1.369 .. 1.709 
Ave. 1.706 ~ 0.002 
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Table 5 
Solution Per Hole of Acetamide 
t.Hw 
soln 
kcal mole-l 
2.306 
2.305 
Ave. 2.305 t 0.001 
Table 6 
Enthalpies of Solution Per Hole of 
N-Methylacetamide Dissolved to Give 
Various Molalities in Water 
1.5295 
1.6378 
1.9118 
2.0865 
-l1Hw 
soln 
-1 kcal mole 
0.9398 
0.9 .. 38 
0.9375 
0.9396 
Ave. 0.9402 ± 0.0013 
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Table 7 
Enthalpies of Solution Per Hole of 
•,H -Dimethylacetamide Dissolved to Give 
Various Molalities in Water 
1.829 .. 
1.8691 
3.0 .... 6 
3.1 .. 09 
... 222 .. 
1.6251 
2.1538 
2.200 .. 
2.2H8 
2.65 .. 5 
3.2323 
... 2723 
... 7356 
5.2598 
w 
-f.Hsoln 
kcal mole-l 
the same day with the same cell and 
5.118 
5.108 
5.111 
5.121 
5.124 
Ave. 5.116 t 0.003 
on different days with different cells 
5.124 
5.118 
5.124 
5.113 
5.122 
5.120 
5.104 
5.117 
5.113 
Ave. 5.116 t 0.002 
dependence was discernible within the 
36 
Table 8 
Enthalpies ·of Solution Per Hole of 
K-Methylpropionamide Dissolved to Give 
Various Molalities in Water 
1.07 .. 3 
1.6836 
1.8753 
3.8299 
w 
-t.Hsoln 
kcal mole-1 
3.562 
3.577 
3.559 
3.579 
Ave. 3.569 t 0.005 
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Table 9 
Enthalpies of Solution Per Mole of 
K-Acetylglycine-N-methylamide Dissolved 
to Give Various Molalities in Water 
0.8532 
0.8671 
0.8922 
0.9132 
t.Hw 
soln 
kca1 mole-l 
O.lfl98 
O.lfl83 
0.4176 
Ave. 0.~19~ ± 0.0013 
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Table 10 
Enthalpies of Solution Per Mole of 
~=•1~vl.Rlycylglycine-N-methylamide Dissolved 
to Give Various Molalities in Water 
Mfw 
soln 
'kcal mole-l 
a..S56 
a..SS7 
Ave. a..SS65 t 0.001 
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Table 11 
EDtbalpies of Solution Per Hole of 
Give Various Molalities in Water 
w 
-t.Hsoln 
Jccal mole-l 
0.6569 
0.6566 
to 
Ave. 0.6568 ~ 0.0002 
Table 12 
Enthalpies of Solution Per Mole of 
:~Acllt}rl-leucine-N-methylamide Dissolved to 
Give Various Molalities in Water 
0.2 .. 526 
0.399 .. 5 
0 ... 3377 
w 
-
6Hsoln 
kcal mole-l 
2.31+1 
2.31+1 
2.337 
Ave. 2.31+0 ± 0.001 
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Table 13 
of Solution Per Mo l e of Fo r mamide Di ssolv ed t o 
y~~~~~us Molalities i n Sodium Chloride Solutions . 
Enthalp i e s of Tran sfer of Formamide 
from Water to Sod ium Chl oride Sol ution s. 
Salt Molality f.HWS f.Htr 
a 
soln 
- 1 -1 
m2 k:cal mole k:cal mole 
0 .2787 - o. 4194 
0 . 2787 0.4193 
Ave. 0.4194 ±0.0001 -0.0654 ±0 .0016 
0 .5235 0. 37 31 
0.5235 0 . 3744 
0 .5235 0 . 3745 
Ave. 0.3740±0.0003 -0.1108 ±0 . 0016 
0. 7556 0 . 3369 
0. 7556 0.3327 
Ave. 0. 3348±0.0021 -0.1500±0.0026 
1. 0690 0 . 2875 
1.0690 0.2849 
Ave. 0.2862±0 . 0013 - 0 .1 9 86±0.0021 
1. 7821 0.1935 
1 . 7821 0.1961 
1. 78 21 0 .1955 
1. 7821 0.1965 
Ave. 0.1954±0.0007 -0.2894±0.0017 
3.4513 0 . 0790 
3 .4513 0.0796 
Ave. 0 .0793±0. 0003 -0.4058± 0 .0016 
Value used in obtaining t. Htr may be found in 
Table 1~ 
of Solution Per Mole of Formamide Dissolved to 
•••~1cous Molalit ies in Sodium Bromide Solutions . 
Enthalp i es of Transfer of Formamide 
from Water to Sodium Bromide Solutions . 
Salt Molality ll HWS llHtr 
a 
soln 
m2 kcal mole 
-1 kcal mole -1 
0.1059 0.~572 
0.1059 0.~557 
0.1059 0.~522 
Ave. 0.~550!0.0015 -0.0 29 8 ±0.00 22 
0.359~ 0.3930 -0.0918 
0.7013 0. 3198 -0 . 1650 
1.56~~ 0.1816 
1.56~~ 0.1752 
1.56~~ 0.1682 
1.56~~ 0.1733 
Ave. 0.17~6!0.00 3 9 -0.310 2±0.0 041 
2.2015 0.0735 
2.2015 0.0838 
2.2015 0.0770 
2.2015 0.0815 
Ave. 0.790!0.0017 -0.~058! 0 .00 2 3 
3.3087 0.0390 -0.5238 
Value used in obt aining llHtr may be found in 
Table 15 
of Solution Per Hole of Formamide Disso lved t o 
Molal ities in Sodium Iodide Solutions . 
Ent halpies of Transfer of Fo r mamide 
Water to Sodium Iodide Solutions . 
Salt Molality 6Hws 
soln t.Htr 
a 
.... 
!<:cal mole -1 !<:cal mole -1 m2 
0.5013 +0.3H2 -0.1506 
0.7880 +0.2304 -0.2544 
1.0567 +0.1415 -0 . 3433 
3.8967 - 0.1396 -0.6244 
value used in obtai n i ng 6Htr may be f ound in 
Table 16 
of Solution Per Mo l e of Formamide Di ssolved t o 
Molal ities i n Alkal i Halide Solutions . 
Enthalpies of Transfer of Formamide 
from Water to Alkali Ha l ide So lut i ons . 
Salt Molality t. Hws 
soln 
t.H a 
tr 
Jccal mole-l kcal mole-l 
0.5845 0.3966 
0.5845 0.3939 
0.5845 0.3935 
Ave. 0.3947±0.0010 -0.0901±0.0019 
1.1489 0.3263 
1.1489 0.3242 
Ave. 0. 3252±0. 0011 -0.1596±0.0019 
0.4988 0.3709 -0.1139 
1. 0341 0.2898 
1.0341 0.2874 
1. 0341 0.2857 
1. 0341 0.2853 
Ave. 0.2871±0.0010 -0.1977±0.0019 
3.4305 0.0382 
3.4305 0.0298 
Ave. 0.0340±0.0042 -0.4508±0.0044 
0.5074 0.3608 
0.5074 0.3581 
Ave. 0.3600±0.0006 -0.1248±0.0017 
Table 16 (continued) 
Salt Molality 
0.5123 
0.5123 
6Hws 
soln 
kcal mole-l 
0.3457 
0.3454 
6H a 
tr 
kcal mole-l 
Ave. 0.3456±0.0002 -0.1392±0.0016 
0.5167 
0.5167 
0.3660 
0.3561 
Ave. 0.3611±0.0050 -0.1237±0.0053 
value used in obtaining 6Htr may be found in 
47 
Table 17 
of Solution Pe r Mole o f Fo r ma.mide Di sso lved to 
Molalitie s i n Alka l i n e Earth Halide Solut ion s . 
calculated Enthalpies of Tr a nsfer of Forma.mide 
froa Water to Alkal i ne Earth Halide Solutions. 
Salt Molality t.Hws 
soln 
t.H a 
tr 
0.5043 
0.5043 
0.4012 
0.4012 
0.5112 
0.5112 
0.4895 
0.4895 
0.4895 
0.50 
0.50 
kcal mole-l 
0.2888 
0. 2921 
kcal mole-l 
Ave. 0.2905±0.0017 -0.1943±0.00 24 
0.2886 
0.2949 
Ave. 0.2918±0.0031 -0.1930±0.0035 
0. 2100 
0.2068 
Ave. 0.2084±0.0016 -0.2764±0.0023 
0.1806 
0.1733 
0.1846 
Ave. 0.1795±0.0033 -0.3053±0.0037 
0. 2184 
0. 2176 
Ave. 0.2180±0.0004 -0.2666±0.0020 
Value used in obtaining t.Htr may be found in 
Table 18 
Solution Per Ho le of Fo r mamide Disso lve d to 
Molalities i n Miscellaneous Elect rolyte 
Calculated En t halpies of Tran s fer of 
from Water t o Elect r olyte Solutions . 
Molality 
0 .4 9 
0 . 49 
Ave. 
0 .3822 
0 . 3822 
Ave. 
0.6 343 
0.6343 
0 .6 343 
Ave. 
0.9661 
0 . 96 61 
0.9 661 
Ave. 
de 
0.5163 
0. 51 63 
Ave . 
l!HWS 
soln 
kcal mole-l 
0 . 2965 
0.2952 
0.2959±0.0007 
0.1995 
0. 2041 
0.2018±0.0023 
0 . 3089 
0.3062 
0 . 3066 
0 . 3072±0.0008 
0.2402 
0.2379 
0.2439 
0 . 2407± 0 .0017 
0. 3347 
0.3327 
0.3337±0.0005 
llH a 
tr 
kcal mole-l 
-0.1890±0.0017 
-0.2430±0.0028 
-0.1776t0.0018 
-0.2441±0.0023 
-0.1511±0.0017 
Va lue used in obtaining l!Htr may be found in 
Table 19 
s of Solu t i o n Pe r Mo l e o f N-Met h yl f o r mamid e 
Give Var ious Molalities i n Potassium Bromide 
Calcu l a ted Enthalpies of Transfer of 
r~ro~ruu~~ae from Water to Potassium Bromide Solutions. 
Salt Molality -liHWS 6Htr 
a 
soln 
Jccal mole-l Jccal mole -1 m2 
0.3254 1.721 -0.015 
0.5200 1. 761 
0.5200 1. 745 
Ave. 1.753±0.008 -0.047!0.008 
1. 0223 1.774 
1. 0223 1. 762 
Ave. 1. 768±0. 006 -0.066±0.006 
2.1637 1. 773 
2.1637 1. 757 
2.1637 1. 762 
Ave. 1.764±0.005 -0.058±0.005 
2.6934 1.777 
2.6934 1. 763 
2.6934 1. 750 
Ave. 1.763±0.008 -0.057!0.008 
3.1937 1. 732 
3.1937 1. 736 
3.1937 1. 738 
Ave. 1.735±0.002 -0.029±0.003 
.... 7719 1. 679 
.... 7719 1. 665 
Ave. 1. 672±0. 007 +0.034±0.007 
value used in obtaining t1Htr may be found in 
Table 20 
of So lut ion Per Hole of N-Hethylformamide 
Give Var ious Molalities in Miscellaneous 
Calculated Enthalpies of Transfer of 
from Water to Salt Solutions. 
Salt Molal ity - t.HWS 
sol n 
t.H a 
tr 
50 
kcal mole-l kca l mo l e -l 
1. 0498 1. 691 +0.015 
2.8840 1. 657 
2. 8 840 1. 633 
Ave. 1.645±0.012 +0.061±0.01 2 
4.7505 1. 6 21 
.. . 7505 1.623 
Ave. 1.622±0 . 001 +0.084±0.00 2 
2 . 0 21 8 1. 785 
2 . 0 218 1. 783 
Ave . 1.784±0 . 001 -0.078±0 . 00 2 
value used in obtai n ing t.Htr ma y be f ound i n 
Table 21 
Pe r Mole of .Acetamide Dissolved to 
Molalities in Sodium Chlor ide Solu tions . 
Enthalpies of Transfer of Acetamide 
from Water to Sodium Chloride Solution s . 
Salt Molalit y t.Hws 
soln 
t.H a 
tr 
51 
kcal mole-l kcal mole-l 
0.2631 
0.2631 
0.2631 
0.5160 
0.5160 
2.294 
2.298 
2.295 
Ave. 2.295:!:0.003 
2 . 290 
2.291 
Ave. 2.290 5:!:0 . 001 
1.0498 2.289 
1.5985 
1.5985 
2.0854 
2.8840 
2.294 
2.294 
Ave. 2.294:!:0.000 
2.303 
2.324 
- 0.010:!:0.002 
-0.015:!:0.001 
-0.016 
-0.011:!:0.001 
-0.002 
+0.019 
Value used in obt:ainin~ t.Htr may be found in 
Table 22 
o f Solution Pe r Mole of N-Meth ylacetamide 
Give Var i ous Molalities in Sodium Bromide 
Calculated Enthalpies of Transfer of 
from Water to Sodium Bromide Solut ions. 
Salt Molality - f>Hws 
soln 
f>H a 
t r 
52 
m2 kcal mole-l kcal mole - l 
1. 0209 0.832 
1. 0209 0.806 
1 .0 209 0 . 813 
Ave . 0.817!0.008 0.12 3± 0 . 008 
3.3003 0.500 
3 . 3003 0.455 
Ave. 0 .477!0 . 022 
4.53 04 0.237 
4.5304 0 . 247 
Ave. 0 . 242±0.005 0.698±0.005 
Value used in obtaining t>Htr may be f ound i n 
Sl 
Table 23 
Solution Per Mole of N,N - Dimethylacetamide 
Give Various Molalities in Sodium Chloride 
Calculated Enthalpies of Trans fer of N,N '-
from Water to Sodium Chloride Solutions . 
Salt Molality -t.Hws t.Htr 
a 
soln 
m2 kcal mole-l I< cal m.ole -l 
0.2787 5.110 0.006 
0.5235 5.098 
0.5235 5.093 
0.5235 5.097 
Ave. 5.096±0.002 0 .0 20±0.003 
0.7556 5.074 
0.7556 5.085 
0.7556 5.079 
Ave. 5.079±0.003 0.037±0.004 
1.0690 5.056 
1.0690 5.044 
1.0690 5.064 
Ave. 5.055±0.00 3 0.061±0.004 
1. 7821 4.964 
1. 7821 4.966 
1. 7821 4.973 
1. 7821 4.972 
Ave. 4.969±0.00 2 0.147±0.003 
3.2684 4.837 
3.2684 4.848 
3.2684 4.830 
Ave. 4.838±0.005 0.278±0.005 
5.9681 4.383 
5.9681 4.391 
Ave. 4.387±0.004 0.729±0.005 
Value used in obtaining t.Htr may be found in 
Table 24 
Solution Per Mole of N,N - Dimethylacetamide 
Give Various Molalities in Sodium Bromide 
Calculated Enthalpies of Transfer of N, N' -
from Water to Sodium Bromide Solutions . 
Salt Molality 
m2 
-t!Hws 
soln _1 kcal mole 
0.1059 
0.1059 
0.1059 
0.3594 
0.3594 
0.3594 
0.5020 
0.5020 
0.7013 
0.7013 
1.0477 
1. 04 77 
1.5644 
1.5644 
1.5644 
1.5644 
1.5644 
5.157 
5.139 
5.140 
Ave. 5.145±0.006 
5.138 
5.137 
5.146 
Ave. 5.140±0.003 
5.144 
5.169 
Ave. 5.156±0.012 
5.139 
5.157 
Ave. 5.148±0.009 
5.149 
5.126 
Ave. 5.137±0.011 
5 .10 6 
5.107 
5.107 
5.101 
5.105 
Ave. 5.105±0.001 
t.H a 
tr _1 kcal mole 
-0.0 29±0 .006 
-0.024±0.004 
-0.040±0.012 
-0.032±0.009 
-0. 021±0. 011 
+0.010±0.002 
Table 24 (continued) 
Salt Molality 
m2 
-6HWS 
soln _1 Jccal mole 
2.2015 
2.2015 
2.2015 
3.3087 
3.3087 
3.3087 
3.3087 
3.3087 
3.3087 
4.4564 
4.4564 
4.4564 
6. 9718 
5.058 
5.054 
5.050 
Ave. 5.054±0.003 
4.955 
4.969 
4.962 
4.955 
4.953 
4.960 
Ave. 4.959±0.00 2 
4.795 
4.790 
4.803 
Ave. 4.796±0.004 
4.418 
55 
6H a tr _
1 kcal mole 
+0.062±0.004 
+0 .157±0. 002 
+0.320±0.005 
+0.698 
value used in obtaining 6Htr may be found in 
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Table 26 
of Solution Per Hole of N,N -Dimethylacetamide 
Give Variou s Molalities in Potassium Chloride 
Calculated Enthalpies of Transfer of N, N'-
from Water to Potassium Chloride Solutions 
Salt Molality 
m2 
-t.Hws 
soln _1 Jccal mole 
0.1014 
0.1014 
0.1014 
0.3041 
0.3041 
0.3041 
0.3041 
0.3041 
0.5076 
0.5076 
0.5076 
0.5076 
0.5076 
0.5076 
0.7766 
0 . 7766 
0.7766 
1.0369 
l. 0369 
1.0369 
1.0369 
1..0369 
1.0369 
5.127 
5.125 
5.121 
Ave. 5.124±0.002 
5.103 
5.092 
5.107 
5.115 
5.117 
Ave. 5.107±0.005 
5.114 
5.098 
5.100 
5.107 
5.116 
5.082 
Ave. 5.103±0.005 
5.095 
5.096 
5.095 
Ave. 5.095±0.001 
5.092 
5.070 
5.094 
5.070 
5.086 
5.069 
Ave. 5.080±0.005 
6H a 
tr _1 Jccal mole 
- 0.008±0.003 
+0.009±0.005 
+0.013±0.005 
+0.021±0.002 
+0.036±0.005 
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Table 26 (continue d) 
ty Salt Molality -f.Hws f.Htr 
a 
soln _1 - 1 
m2 lccal mole kcal mole 
1.5728 5.034 
1. 5728 5.01.1 
1. 5728 5.041 
1.5728 5.045 
1.5728 5 . 040 
Ave. 5.041±0.003 +0 . 075±0. 0 04 
2.1282 5.007 
2.1282 4 . 939 
2 . 1282 4.967 
2.1282 4.989 
Ave. 4.976± 0 .015 +0.140±0.015 
3 . 3123 4.849 
3 . 3123 4.854 
3 . 3123 4 . 825 
3.3123 4.845 
3 .3123 4.883 
3 . 3123 4.833 
3. 3123 4.873 
Ave. 4.852±0.008 +0.264±0.008 
used in obtaining t.Htr may be found in 
59 
Table 27 
of Solution Per Mole of N,N - Dimethylacetamide 
Give Variou s Molalities in Potass ium Bromide 
Calculated Enthalpies of Trans f e r of N,N ' -
•~··~••mi from Water to Potassium Bromide Solutions . 
Salt Molal ity - t.HWS soln _1 
m2 kcal mole 
t.H a tr _1 kcal mole 
0. 1011 5.137 
0.1011 5.137 
0.1011 5 . 134 
Ave. 5.136±0.001 -0.0 20 ±0.007 
0 .2533 5.083 
0 . 2533 5.191 
0. 2533 5.162 
0.2533 5 . 148 
0.2533 5.H4 
Ave. 5.145±0.015 -0.029±0.015 
0 .5134 5.166 -0.050 
1. 04 04 5.164 
1.0404 5.155 
1.0404 5.162 
1.0404 5.153 
1 . 0404 5.159 
1. 0404 5.149 
Ave. 5.157±0.003 -0 . 041±0. 004 
1.5955 5.127 
1 . 5955 5.129 
1.5955 5.125 
Ave. 5.127±0 . 001 -0.011±0.002 
Table 27 (cont i nue d ) 
Salt Molality 
m2 
-l1HWS 
soln _1 lccal mo l e 
2.1649 
2.1649 
2.1649 
2.1649 
2.1649 
3.3709 
3.3709 
3.3709 
~.4631+ 
~.4634 
~-~634 
5.103 
5.095 
5.08 3 
5.10 2 
5 . 091 
Ave. 5.095±0. 0 04 
4.954 
4.956 
4.959 
Ave. ~.956±0.001 
4.80 0 
4.791 
4.825 
Ave. 4.805±0.010 
60 
l1H a tr _1 lccal mo le 
+0.0 21±0.005 
+0.160±0.004 
+0.311±0.010 
value used in obt a i ning AHtr may be found in 
Table 28 
Solutio n Per Mole of N,N - Dimethylacetamide 
Give Va r ious Molalities in Potassium Iodide 
Calculated Enthalpies of Transfer of N, N'-
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from Water to Potassium Iodide Solutions . 
Salt Molali t y 
m2 
-t.Hws 
soln _1 kcal mole 
0.7799 
0.7799 
0.7799 
1. 0519 
1. 0519 
1.0519 
1.0519 
2.2088 
2.2088 
2.2088 
3.5384 
3.5384 
3.5384 
3.5384 
3.5384 
4.5708 
4.5708 
6.9355 
6.9355 
6.9355 
5. 217 
5.197 
5.206 
Ave. 5.207!0.006 
5.202 
5.222 
5.220 
5.212 
Ave. 5.214!0.005 
5.142 
5.136 
5.131 
Ave. 5.136!0.003 
4.940 
4.960 
4.959 
4.951 
4.960 
Ave. 4.954!0.004 
4.825 
4.821 
Ave. 4.823!0.002 
4.421 
4.435 
4.438 
Ave. 4.431!0.005 
t.H a 
tr _1 kca l mole 
-0.091!0. 0 06 
-0.098!0.005 
-0.0 2 0!0.004 
+0.162!0.004 
+0.293!0.003 
+0.685±0 . 005 
Value used in obtaining t.Htr may be found in 
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Table 29 
of Solution Per Hole of N,N -Dimethylacetamide 
Give Various Molalities in Lithium Perchlorate 
Calculated Enthalpies of Transfer of N, N'-
from Water to Lithium Perchlorate Solutions 
Salt Molality 
m2 
-6HWS 
soln _1 Jccal mole 
0.1837 
0.1837 
0.3875 
0.3875 
0.~968 
0.~968 
0.~968 
0.9693 
0.9693 
0.9693 
0.9693 
2.0218 
2. 0218 
2.0218 
3.2839 
5.097 
5.108 
Ave. 5.103±0.005 
5.108 
5.083 
Ave. 5.096±0.012 
5.067 
5. 071 
5.08~ 
Ave. 5.07~±0.006 
5.011 
5.012 
5.008 
5.002 
Ave. 5.008±0.002 
~.907 
~.898 
~.888 
Ave. ~.898±0.005 
~.~95 
t.H a tr _1 Jccal mole 
0.013±0.005 
0.0 20±0.012 
0.0~2±0.006 
0.008±0.003 
0.218±0.005 
0.621 
Value used in obtaining t.Htr may be found in 
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Table 30 
of Solution Per Mole of N-Methylpropionamide 
Give Various Molalities in Sodium Chloride 
Calculated Enthalpies of Transfer of 
~pro]~1C)nclmlLOe from Water to Sodium Chloride Solutions 
Salt Molality 
m2 
-llHWS 
soln _1 Jccal mole 
0.1022 
0.2631 
0.2631 
0.2631 
0.5160 
0.5160 
0.9899 
0.9899 
1.5985 
1.5985 
2.0854 
2.0854 
2.3822 
2.3822 
2.3822 
3. 571 
3.520 
3.535 
3.508 
Ave. 3.521±0.008 
3.478 
3.459 
Ave. 3 . 468±0.010 
3.354 
3.353 
Ave. 3.353±0.001 
3.204 
3. 215 
Ave. 3.210±0.005 
3.101 
3.093 
Ave. 3.097±0.004 
3.046 
3.020 
3.034 
Ave. 3.033±0.008 
2.519 
2.542 
Ave. 2.531±0.011 
llH a 
tr _1 Jccal mol e 
-0.002 
+0.048±0.009 
+0 .101±0. 011 
+0.216±0.005 
+0.359±0.007 
+0.472±0 . 006 
+0.536±0.009 
+1. 038±0. 012 
Value used in obtaining l!Htr may be found in 
Table 31 
of Soluti o n Per Mole o f N-Methy l propionamide 
Give Various Molalities i n Sodium Bromide 
Calculated Enthalpies o f Transfer of 
6 .. 
f roc Water t o Sodium Bromide Solutions . 
Salt Molality -flHWS 
soln 
-1 ~ Jccal mole 
flH a tr _1 kcal mole 
0.1018 3.560 
0.1018 3.557 
Ave. 3.559!0.002 0.010!0.005 
0.2777 3.527 
0.2777 3.515 
Ave. 3.521!0.006 0.048!0.008 
0.5081 3.460 
0.5081 3.495 
0.5081 3.473 
Ave. 3.-76!0.010 0 . 093!0. 011 
1.0209 3 . 361 
1.0209 3.351 
Ave. 3 . 356!0 . 005 0. 213!0. 007 
1.5898 3. 212 
1.5898 3.224 
1.5898 3.233 
1.5898 3.226 
Ave. 3.224!0.004 0 . 345!0. 006 
2.0697 3.119 0.450 
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Table 31 (continued) 
Salt Mo.1.ality -6HWS soln 
-1 
m2 !<:cal mole 
llH a 
tr _1 !<:cal mole 
2.6900 2.953 
2.6900 2.973 
2.6900 2.967 
Ave. 2.964±0.006 0.605±0.008 
3.3003 2.816 
3.3003 2. 811 
3.3003 2.804 
Ave. 2.810±0.004 0.759±0.006 
4.5304 2.492 
4.5304 2.486 
4.5304 2.499 
4.5304 2.490 
Ave. 2.492±0.003 0. 877±0. 006 
value used in obtainin~ 6Htr may be found in 
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Table 32 
s o f Solution Pe r Hole of N-He t hylpropionamid e 
to Give Variou s Mola li t ies in Sodium Iodide 
Calculated Enthalpies of Transfer of 
fro m Wate r t o Sodium Iodide Solutions . 
Salt Molality -6HWS soln _1 
m2 Jccal mole 
6H a 
tr _1 Jccal mole 
0 .5073 3.~30 
0 . 5073 3.426 
Ave . 3.428!0.002 0.141!0.006 
0. 7880 3.370 0.199 
1 . 0775 3 . 308 
1.0775 3 . 298 
Ave. 3.303!0.005 0.266!0 . 007 
2.7 323 2.871 0 .698 
3.8967 2 . 577 
3 . 8967 2.567 
Ave. 2.572±0.005 0 . 997!0.007 
va l ue used in obtaining 6Htr may be found in 
Table 33 
of Solution Per Mole of N-Hethylpropionamide 
to Give Various Molalities in Potassium 
Solutions. Calculated Enthaloies of 
of N-Methylpropionamide from-Wate r 
to Potassium Chlor ide Solutions . 
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Salt Molality -t.Hws 
soln _1 kcal mole 
t.H a tr _1 kcal mole m2 
0.4988 3.479 
0.4988 3.484 
Ave. 3.482±0.002 0.177±0.005 
1.0476 3.375 0.184 
1.6576 3.221 
1.6576 3.248 
Ave. 3.235±0.013 0.424±0.017 
3.3834 2.872 
3.3834 2.830 
Ave. 2.851±0.021 0.808±0.022 
Value used in obt a i ning t.Htr may be found in 
68 
Table 34 
of Solution Per Mole of N- Hethylpropionamide 
to Give Various Molalities i n Potassium 
S~lutions . Calculated Enthalpies of 
of N-He t hylpropionamide from Water 
to Potassium Bromide Solutions . 
Salt Ho1ali ty 
m2 
- 6Hws 
soln _1 Jccal mole 
0.1000 
0.1000 
0.2494 
0.2494 
0. 5113 
0. 5113 
0.7536 
0.7536 
1.0482 
1.0482 
1.0482 
1.5805 
2.1782 
2.1782 
2. 7745 
3.550 
3.546 
Ave. 3.548±0.002 
3.535 
3.527 
Ave. 3.531±0.004 
3.494 
3.491 
Ave. 3.493±0.002 
3.431 
3.436 
Ave. 3.434±0.002 
3.375 
3.384 
3.376 
Ave. 3.378±0.003 
3.261 
3.139 
3.144 
Ave. 3.142±0.002 
3.013 
6H a 
tt -1 
Jccal mole 
0.021±0.003 
0.038±0.003 
0.076±0.005 
0.135±0.005 
0.191±0.006 
0.308 
0 . 427±0.005 
0.556 
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Table 3~ (continued) 
Salt Molality -f.HWS 
soln 
-1 
m2 !<cal mole 
f.H a 
tr _1 !<cal mole 
3.387~ 2 . 869 0 . 70 0 
~ .0710 2 . 69~ 
~ . 071 0 2 . 708 
Ave. 2.701±0.007 0 . 868±0.008 
~.8251 2 . 522 
~. 8 251 2 . 528 
~.8251 2.539 
Ave. 2.530±0.005 1.039±0.007 
value used in obtaining t.Htr ma y be found in 
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Table 35 
of Solution Pe r Mo le o f N-Me thylpropio namide 
--~~••cu to Give Var i ous Molalities in Potassium 
Iodide Solutions . Calculated Enthalpies of 
transfer of N- Methyl pr opionamide from Wate r 
to Potassium Iodid e So lut i o ns . 
Salt Mo l alit y -6Hws 6Htr 
a 
soln _1 -1 
m2 Jccal mole Jccal mole 
0.2523 3.508 
0.2523 3.518 
Ave. 3.513!0.005 0.056±0 . 007 
0.5 .... 2 3 ... 55 
0.5 .... 2 3 ... 55 
Ave. 3 ... 55±0.000 0.114±0.005 
0.78 .... 3 ... 12 
0.78 .. 4 3 ... 10 
Ave. 3 ... 11!0.001 0.158±0.005 
1.068 .. 3.339 
1.068 .. 3.3 .... 
Ave. 3.3 .. 2±0.003 0.227±0.006 
1.6 .. 30 3.186 
1.6 .. 30 3.192 
Ave. 3.189±0.003 0.380±0.006 
2.8 .. 97 2.878 
2.8 .. 97 2.878 
Ave. 2.878±0.000 0.691±0.005 
3. 5131 2.701 0.868 
... 9 .. 76 2.362 
'+.9 .. 76 2.355 
Ave. 2.359±0.003 1.210±0.006 
value used in obtaining 6Htr may be found in 
Table 36 (continued) 
Salt Holali ty 
m2 
t!Hws 
soln _1 kcal mole 
-0.4746 
-0.4748 
71 
t!H a 
tr _1 kcal mole 
Ave. -0.4747±0.0001 -0.8941±0.0014 
value used in obtaining 6Htr may be found in 
72 
Table 36 
Pe r Hole of N-Acetylglycine-N-
Dis s olved to Give Various Molalities in 
Hyd rochloride Solutions . Calculated 
of Transfer of -Acetylglycine-N-Methylamide 
Water to Guanidine Hydrochloride Solutions. 
Salt Holali t: y II.Hws II.Htr 
a 
soln 
-1 -1 
m2 Jccal mole kcal mole 
0 . 1309 0.3535 
0.1309 0.3490 
0 . 1309 0.3630 
Ave. 0 .3552!0 . 0 01 9 - 0 .064 2 ±0 . 002 3 
0.2002 0.3244 
0.2002 0.3224 
Ave. 0 .3234±0.0010 - 0.0 960 ±0. 0016 
0.5163 0.2007 
0 .5163 0.2136 
Ave. 0 .2072!0 . 0065 - 0 . 2122± 0. 0068 
0 .5207 0.2032 -0.2162 
1.2170 
- 0 .0076 -0.4270 
1.8211 
-0.1279 -0 . 5473 
2.2080 
-0.1938 
2 . 2080 
-0.1916 
Ave. -0.1927±0. 0011 -0. 6121±0. 0017 
2 . 6 6 37 
- 0 .2442 -0.7136 
6 . 1229 
-0.4407 
6 . 1229 
-0 . 4389 
Ave . -O.Il398±0.0009 -0.8592±0.0018 
Table 37 
s of Solution Per Mole of N-Acet ylglycine -N-
Dissolved t o Giv e Var i o us Mo l a l i t ies in 
Sulfate Solut ions. Calcu lated Entha l pies 
of N-Acetyl g l yci ne- -me thy l amide from Wa t e r 
Guanidinium Sul f ate So lut i ons . 
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Salt Molality 
m2 
f.HWS 
soln _1 Jccal mole 
f.H a 
tr _1 !<cal mole 
0.5~67 
0.5~67 
0.5~67 
1.1597 
1.7975 
1. 7975 
0.2019 
0.2001 
0.2053 
Ave. 0.202~!0.0015 -0.2170!0.0020 
0.10~5 -0.31~9 
-0.0360 
-0.0369 
Ave. -0.0365!0.0005 -0.~559!0.0014 
Value used in obtaining f.H may be found in tr 
Ta.ble 38 
Pe r Ho l e of N-Acetylg l ycine -N-
Dissolved to Giv e Va r i ou s Molalities i n 
n.~•4.w4u4um Thiocya nate Sol utions . Calculated 
of Transfer o f N-Acetylglycine-N-methylamide 
Water to Guanidinium Th iocyan ate Sol ution s . 
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Salt Molality 
m2 
-l!HWS 
soln _1 Jccal mole 
llH a 
tr _1 Jccal mole 
1.0898 
1.0898 
1.0898 
4.1745 
4.1745 
0.1150 
0.1099 
0.1082 
Ave. 0.1110!0.0020 -0.5304!0.0026 
0.5788 
0.5775 
Ave. 0.5782!0.0006 - 0.9969±0.0017 
value used in obtaining l!Htr may be found in 
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Table 39 
of Solut i on Pe r Mo le of N-Acetylgl ycine-N-
Dissolved t o Give Various Molalities i n 
Chloride Solutions . Calculated Enthalpies 
~nsfer of N-Acetylgly c i ne-N-methylamide 
from Water to Sodium Chlo r ide Solution s . 
Salt Molality 
m2 
6Hws 
soln _1 Jccal mole 
6H a 
tr _1 Jccal mole 
0.5235 
0.5235 
0.7556 
0.7556 
1.0690 
1.0690 
1.0690 
1. 7821 
1. 7821 
1. 7821 
3.2684 
3.2684 
3.2684 
5.9681 
5.9681 
5.9681 
0.3817 
0.3845 
Ave. 0.3831±0.0014 - 0 . 03 63±0.001 9 
0.3763 
0.3873 
Ave. 0.3818±0.0055 - 0 .0376±0.0056 
0.3826 
0.3752 
0.3888 
Ave. 0.3822±0.0039 - 0.037 2 ±0.0041 
0.4074 
0.4099 
0.4075 
Ave. 0.4083±0.0008 -0.0111±0.0015 
0.5272 
0.5208 
0.5242 
Ave. 0.5241±0.0018 +0.1047±0.0022 
0.8576 
0.8587 
0.8591 
Ave. 0.8585±0.0004 +0.4391±0.0014 
Value used in obtaining t.Htr may be found in 
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Table 40 
Per Ho l e o f N- Acetyl glycine-N-
Dissol v ed to Give Various Molalities in 
Bromide So l utions. Calculated Enthalpies 
Transfer o f N-Acetylglycine-N-methylamide 
from Water to Sodium Bromide Solutions . 
Salt Molali ty ll HWS t.Ht 
a 
soln _1 r -1 
m2 Jccal mole Jccal mole 
0.1018 0.4017 
0.1018 0.4072 
Ave . 0 . 4045±0 . 0027 -0.014 9 ±0 . 003 0 
0.2777 0.3664 
0 . 2777 0.3700 
Ave. 0.3682±0.0018 - 0 .0 51 2 ±0 . 0022 
0.5020 0.3238 - 0.0956 
1.0477 0.2904 
1. 0477 0.2873 
1.0477 0.2920 
Ave. 0.2899±0.0014 - 0 . 1015±0.0015 
1 . 5898 0.28 20 
1.5898 0.27 36 
Ave . 0.2778±0 . 0042 -0.1515±0.004 4 
2.0697 0 .2817 -0 . 1377 
2 . 6900 0.2954 
2. 6900 0.2891 
Ave. 0.2923±0.0031 -0.1271±0.0034 
3.3 00 3 0.3345 
3.3003 0.3302 
Ave . 0 . 3324±0.0023 -0.0800±0.0027 
4. 4 564 0.4150 -0 . 0044 
Value used in obtaining t.Htr ma y be found in 
77 
Table 41 
Per Hole of N-Acetylglycine-N-
Disso lved to Give Various Molalities in 
Iodide Solutions. Calculated Enthalpies 
of Transfer of N-Acetylglycine-N-methylamide 
from Water to Sodium Iodide Solutions . 
Salt Molality f.HWS f.Ht 
a 
soln 
-1 r -1 
m2 kcal mole kcal mole 
0.2083 0.3555 
0.2083 0.3509 
0.2083 0.3541 
Ave. 0.3535!0 .0014 -0.0659!0.0019 
0.8270 0. 2164 
0.8270 0. 2114 
Ave. 0.2139!0.00 25 -0.2055!0.0030 
1.0349 0.1885 
1.0349 0.1904 
Ave. 0.1895!0.0010 -0.2299!0.0016 
1.4218 0.1534 
1.4218 0 .1 507 
Ave. 0.1520 ! 0.0014 -0.2674!0.0019 
2.1720 0.1086 
2.1720 0.1074 
Ave. 0.1080!0.0006 -0. 3114!0. 0014 
4.9085 0.2005 
4.9085 0.1943 
4.9085 0.1977 
Ave. 0.1975!0.0018 -0.2219!0.0022 
5.7841 0.2895 
5.7841 0.2828 
Ave. 0.2862!0.0034 -0.1332!0.0036 
Value used in obtaining f.Htr may be found i n 
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Table 42 
of Solution Per Mo le of N- Ac etyl g l yci n e - N-
~uu.u~ Dissolve d to Give Various Molalities i n 
ride Solutions . Calculated Enthalpies 
er of N-Acetylglycine- N- meth ylamide 
Water to Potassium Ch l o r ide Solut ion s . 
Salt Molality t.Hws t.Ht 
a 
soln _1 r -1 
m2 kcal mole kcal mole 
0.1123 0. 4120 -0.0074 
0 .2698 0.3816 
0.2698 0.3898 
0.2698 0.3832 
Ave . 0 . 3849±0.00 2 5 -0. 0 345± 0 . 0028 
0.4988 0.3740 
0 . 4988 0.3657 
Ave . 0 . 3699±0.004 9 +0. 04 9 5 ±0.0051 
0.7988 0.3563 -0.0631 
1. 0476 0 . 3502 -0.0692 
1. 6576 0.3516 
1.6576 0.3467 
Ave. 0.3492±0.0024 -0.070 2 ±0.0027 
2 . 6846 0.3846 
2.6846 0 . 3811 
Ave. 0 . 3829±0 . 0018 -0.0365±0.0022 
3.3 834 0 . 4342 +0.0148 
3 . 4305 0.4402 +0 . 0208 
4.7505 0 . 5534 
4.7505 0.5528 
4 . 7505 0.5553 
Ave. 0.5538±0.0007 -0 . 1344±0.0018 
Val ue used in obt aining t.Htr may be found in 
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Table 43 
s of Solution Per Mole of N-Acetylglycine-N-
Dissolved to Give Various Molalities in 
Bromide Solutions . Calculated Enthalpies 
of Transfer of N-Acetylglycine -N-methylamide 
from Water to Potassium Bromide Solutions . 
Salt Molal ity 6HWS 6Ht 
a 
soln _1 r -1 
m2 kcal mole kcal mole 
0.3254 0.3561 
0 . 3254 0. 3471 
0.3254 0. 3411 
Ave. 0.3481±0.0044 -0.0713:!:0.0046 
0.5200 0. 3218 
0.5200 0.3139 
Ave. 0.3179:!:0.0040 -0.1005:!:0.0042 
0.7728 0.2983 -0.1331 
0.7898 0.2799 
0.7898 0. 2784 
0.7898 0.2812 
Ave. 0.2798:!:0.0010 -0.1396:!:0.0016 
1. 0223 0.2471 
1.0223 0.2529 
l. 0223 0.2539 
Ave. 0. 2513:!:0. 0021 -0.1681:!:0 . 0025 
1 .04 04 0.2454 -0 . 1740 
2 . 1649 0.2256 -0.1938 
2.1637 0 . 2403 
2.1637 0.2316 
2. 1637 0.2366 
Ave. 0 . 2362:!:0.0025 -0.1832:!:0.0028 
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Table 43 (continued) 
ty Salt Molality t.Hws t.Ht a soln _1 r -1 
m2 Jccal mole Jccal mole 
2.6934 0.2512 
2.6934 0.2311 
2.6934 0 . 2465 
Ave. 0.2429±0.0061 -0.1765±0.0062 
3.1940 0.2653 
3.1940 0.2664 
3.1940 0.2628 
Ave. 0.2648±0.0011 - 0.1546±0.0017 
3.3709 0. 2611 -0 . 1583 
4.4634 0.3622 
4.4634 0 . 3653 
Ave. 0.3638±0.0016 -0.0556±0.0021 
4 . 7719 0.3910 
4. 7719 0.3836 
4 . 7719 0.3862 
Ave. 0.3869±0.0022 -0.0325±0.0026 
value used in obtaining t.Htr may be found in 
81 
Table 44 
of Solut i o n Pe r Hole of N-Acetylglycine-N-
Dissolved to Give Various Molalities i n 
Iodide Solutions . Calculated Enthalpies 
Transfer of N-Acetylglycine- N-methylamide 
from Water to Potassium Iodide Solutions . 
Salt Mo lal i t y 6HWS 6Htr 
a 
soln _1 -1 
m2 k:cal mole Jcca1 mole 
0.2523 0.3348 
0.2523 0.3 386 
Ave . 0.3367±0.0019 -0. 0 8 27±0 . 00 2 3 
0.5331 0.2551 
0.5331 0.2560 
0.5331 0.2579 
0 . 5331 0.2552 
Ave. 0.2560±0 . 0006 -0 . 1634±0.0014 
0 .7798 0.2054 
0 .7798 0 . 2023 
Ave . 0.2038±0.0015 - 0.2156±0.0020 
1. 0519 0 . 1713 
1. 0519 0.1703 
1.0519 0.1704 
Ave. 0 .1717±0.0003 -0. 2487±0. 0013 
1 . 6103 o.n5o 
1.6103 0.1268 
1. 61 0 3 0.1262 
Ave. 0.1260±0.0005 -0.2934±0.0014 
2 . 2088 0. 0821 
2.20 88 0.0833 
Ave . 0. 0821:t0. 0006 -0.3367±0.0014 
Table 44 (continued) 
Salt Molality 
m2 
4.5708 
1+.5708 
t.Hws 
soln _ 1 k:ca.l mole 
0.2229 
0. 2194 
82 
t.H a 
tr _1 kcal mole 
Ave. 0.2212!0.0018 -0.198 2!0.00 22 
6.9355 
6.9355 
0.1+714 
0.1+753 
Ave. 0.1+733!0.0020 +0.0539±0.0024 
value used in obtaining t.Htr may be found in 
Table ~5 
Solution Per Mole of N-Acetylglycylglycine-
Dissolved to Give Various Molalities in 
nvarocnl.oride Solutions . Calculated Enthalpies 
N-Acetylglycylglycine-N-methylamide 
to Guanidine Hydrochloride Solutions. 
Salt t.Hws a 
83 
Molality 6Ht soln _1 r -1 
'kcal mole 'kcal mole m2 
0.5509 ~.255 -0.301 
1.1~59 ~.005 -0.551 
1.6580 3.83~ -0.722 
3.6967 3.269 -1.287 
3.9385 3.H1 -1.415 
10.9708 2.829 -1.727 
Value used in obtaining t.Htr may be found in 
Table ~6 
of Solution Per Mole of N- Acetylglycylglyci ne-
~.LUm1~le Dis solved to Give Various Molalities in 
Iodide Solutions. Calculated Enthalpies 
fer of N-Acetylglycylglycine- N-methylamide 
f~ Water to Po t a ssium Iodide Solutions . 
Salt t.HW S a 
8 .. 
Molali ty t.Ht soln _1 r -1 kcal mole kcal mole m2 
1.2698 3.863 -0.693 
2.7035 3.~05 -1.151 
... 3~68 3.278 -1.278 
6.2319 3.275 -1.281 
Value used in obtaining t.Htr may be found in 
85 
Table 47 
Salt Molality -I'.HWS t.Ht a soln _1 r -1 
m2 kcal mole kcal mole 
0.5431 0.7890 -0.1322 
1.1987 0.8652 -0.2084 
2.6637 0.9457 -0.2889 
6.1229 ' 0.8774 -0.2206 
used in obtaining 6Htr may be found in 
Ta.ble 48 
of Solutio n Per Mole of N- Acetylalan ine -
Disso lved to Give Various Mo lalities i n 
Iodide Solut ions. Calculat e d Enthalpies 
Transfer of N-Ac etylalanine - N-methylamide 
froa Water to Potass ium I odide Sol u tions . 
Salt Molali t y -t.HWS t.Htr 
a 
soln _ 1 
m2 kcal mole kcal mole 
0.2523 0.6676 -0.0108 
0.7844 0.6674 -0.0106 
1.0684 0.6374 +0.0194 
1.6430 0.5881 +0.0687 
2.8497 0.4593 +0.1975 
value used in obtain i ng t.Htr may be found 
86 
-1 
in 
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Table a.9 
Solution Per Hole of N-Acetyl-leucine-
Dissolved to Give Various Mo lalities in 
oride Solutions. Calculated Enthalpies 
of N-Ace tyl-leucine-N-methylamide from 
to Guanidine Hydrochloride Solutions. 
Salt Molal ity -dHWS liHtr 
a 
soln _1 -1 
.2 kca.l mole kcal mole 
o.sa.n 2.393 -0.053 
1.1987 2.364 -0.024 
2.6637 2.266 +O.OH 
6.1229 1. 998 +0.342 
Value used in obtaining liHtr may be found in 
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Table 51 
Solution Per Mole of Lysozyme in pH 2.014 HCl 
, ..... ,":r..or•" . Entha l py of Transfer of Lysozyme from 
HCl Buffer to 3 . 5 m Guanidine Hydrochloride 
Solution, al so at pH 2 . 014 
Salt Molali t y 
m2 
0 
0 
Ave . 
3.5 
- t.Hws 
s o l n 
kcal mole - 1 
103 . 1 
104.4 
1 03.7±0 . 6 
127 . 4* 
t.Htr 
-1 kcal mole 
-23.7 
e xpe riment s were made to substantiate 
variations o f t h e poorly buffered system 
~rre7tions for ionization and thus the addi-
om1tted because of t h is ambiguity . 
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Figure 11 
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Figure 12 
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Figure 17 
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0 H 0 H 
II I • / 
CH-- C- N - C- C- N ··~ I I ' 
H CH2 CH3 
c'H 
c~" 'c~ 
0 I 2 3 4 
MOLALITY OF SALT 
HEATS OF TRANSFER OF N-ACETYL-
LEUCINE -N- METHYLAMI DE FROM 
WATER TO POTASSIUM JODI DE 
SOLUTIONS 
108 
109 
B. Spectroscopic Measurements 
exploratory spectral investigations and 
measurements presented in this section, 
bromide system, were carried 
is often assigned as the 
region < ~1 . 49 ~) of the amide N-H stretching 
f ormamide and as the v1 + v 3 band of 
l ack of a good working theoretical 
the spectral studies of these 
um bromide solutions, the experiments 
the pure solvents--water and 
individual binary systems as well--
, formamide-sodium bromide, and water-sodium 
Since NaBr is reported as transparent in the 
investigat ion, 4 5 this component has been con-
inactive in i ts ionic forms. 
exploratory nature of the work and its 
actives only a representative portion of the data 
ia Presented h ere to illustrate the method . 
&nd foremost problem encountered in the 
spectral methods to multicomponent solutions 
of overlapping bands, is the separation of 
11 0 
into their component parts or corre-
composition variables. The 
~~~em, with such overlapping bands, is that the 
intensities are difficult to measure. The third 
These 
sample containing a suitable solution 
the sample; or corrections are neces-
treatment for a ternary solution, consisting 
that for a binary solution such as the water-
system27 which has only one spectrally 
in t he band region studied . 
some o f the forementioned difficulties, 
modifications of experimental design and 
reference d id not contain the components of the 
inactive in the band region 
nitrogen ga s was used in the reference beam 
corre cting sample spectra for reference 
The imbalance in scattering properties was 
absorbances of the pure com-
dena't• 1 1es o f the mixed solutions allowed the 
of the abso r bance of the "ideal" reference 
f or each mixture, Difference spectra were 
111 
as the difference between the absorbance of the 
that of the "ideal" reference solutions . 
concentration effects in the system 
the basis of absorbance at various wave-
the bnnd , and assumed to yield the same 
the consideration of the total 
yield. 
electrostatic or electrostriction terms will 
consideration as a result of (1) and the 
of charge. 
scheme used to calculate the difference 
this outlined procedure: 
the pure solvent spectra a.nd respec-
a function of temperature , 
binary spectra and the calculation 
component absorptivities and solution 
of a difference spectra , and 
treatment , Steps 1-3 , for ternary solutions. 
the absorptivities , awater' calcu-
the equat· ~on, awater = A/1c, where c, the con-
•h&sbe · . en obta~ned from the dens~ty data of 
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1 and t is t he pathlength . Similarly Table 53 
calcula t ed in an analogous manner. The 
data i s included in the second line of the 
tempera t ure is denoted by T , and wave-
or microns. 
56 , contain the observed absorb-
functio n of temperature , T , and wave -
three b inary systems--water- formamide, 
bromide, and formamide - sodium bromide respec-
each of the tables there are subdivisions 
tabulated. Measured 
given in the second lines of the tables. 
~m~:at:ive Aobs d a ta for the ternary system--
'!'Hl'ttir-sodium bromide--are tabulated in Table 57 . 
showing the general blue shift with 
in Fi gur e 19 for a ternary solution . 
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Tables and Figures of Original Data 
Meeeured Abeorptivitiee ~o~ Wete~ ee a Function of 
WevelenJth and Tempe~etu~e• 
T • 15.2 33.7 31+.7 1+1+,0 1+1+,3 68.1 
d • 0.9991 0,991+6 0. 991+1 0,9907 0.9906 0,981+2 
UIJ) 
1.'+2 208.3 230.1 240.3 238.8 245.8 244.0 
1.'+6 21+1. 8 238.1 240,5 229.3 228.7 215.5 
1.49 186.5 172.9 175.5 164.2 166.1 151.6 
l. 52 127.3 116.7 119.3 108.4 108.6 101.1 
l. 56 78.8 71.9 75.2 66.9 66.6 62.1 
• Average deviation is approximately t2\. 
68.2 
0,981+2 
237.3 
210.7 
153.1 
99.2 
77.8 
0.9730 
239.8 
196.1 
134.4 
87.4 
53.0 
..... 
..... 
~ 
Heaeured Abeorptivitiee ~o~ Foraaaide •• • Function o~ 
Wavelength and Tempe~atu~e• 
T • 12.7 18.7 21.0 27.0 34.0 39.5 59.5 69.5 
d c 1.1376 1.1325 1.1301 1.1239 1.1183 1.1118 1. 0960 1.0900 
H~o~> 
1.42 8. 71 11.53 9.96 10.42 11.28 11.75 13.97 14.05 
1.46 104.1 106.2 108.8 107.8 116,4 115.5 122.9 126.0 
1.49 186.9 190,5 194,5 195.2 205.0 205.8 220.4 227.7 
l. 52 206.7 214.4 212.0 215.2 214.7 220.8 226.8 228.1 
1. 56 115.6 116.5 116.0 114.6 112 . 4 115.1 110.5 108.3 
• Average deviation is approximately i2\. 
78.5 
1.0869 
15.76 
129.3 
232.1 
230.4 
106.9 
1-' 
1-' 
"' 
116 
Table 54 
Absorbances f o r a Formamide -Wa t e r System 
a Function of Solution Composition, 
Wavelength , and Temperature 
11.2719 g Formami d e ; 15.3 320 g H20 
30.5 41.7 51.1 61.3 66.5 
1.0527 1.0455 1. 0394 1. 0329 1. 0303 
o. 710 0.730 0.753 0 .763 0. 771 
0.914 0. 89 5 0.886 0 . 858 0.849 
0.830 0.803 0 . 796 0 . 768 0.760 
0.636 0.611 0.598 0 . 578 0.570 
0.371 0.347 0 . 339 0 . 319 0.311 
tion: 11. 2733 g Formamide; 9 . 9414 g H2o 
31.5 42.9 52.5 63.8 
1.0666 1.0 568 1.0497 1.0419 
0.583 0.594 0 . 610 0.637 
0.801 0.78 3 0.772 0.760 
0.775 0.758 0 . 750 0.734 
0.628 0.605 0.597 0. 576 
0.355 0.229 0.330 0.301 
tion: 16.8558 g Formamide; 10 . 2493 g H20 
31.3 41.2 50.9 58.3 71.8 
1.0767 1.0698 1. 0630 1. 0592 1. 0531 
O.IJ67 0.483 0.497 0.510 0.501 
0.706 0.700 0.690 0.685 0.661 
0.733 0.730 0.720 0.711 0.702 
0.616 0.608 0.595 0.584 0.573 
o.35o 0.338 0.324 0.320 0.302 
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Table 54 (continue d) 
ition: 22.5780 g Fo rmamide ; 5.0 219 g H20 
41 . 8 52.0 62.7 74.1 
1.0953 1.0839 1.0764 1. 0650 
0 . 250 0.258 0.269 0.270 
0.496 0.49 3 0.492 0.491 
0 . 625 0.628 0 . 6 32 0 . 635 
0.592 0.583 0.586 0.579 
0.326 0.309 0.302 0 . 293 
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Table 55 
Absorbances for a Sodium Bromide -Water System 
as a Function of Solution Composition, 
Wavelength, and Temperature 
1.0170 g NaBr; 24.7140 g H20 
40.1 52.2 58.8 70.9 
1. 0227 1. 0180 1. 0146 1.0075 
1.2 .. 5 1.292 1. 333 1.361 1.418 
1.326 1. 294 1. 265 1. 243 1.210 
0.999 0.956 0.896 0.872 0.836 
0.662 0.626 0.584 0.563 0.534 
O.U3 0.383 0.354 0.343 0.325 
1. 6767 g NaBr; 24.6403 g H20 
51.5 63.3 70.6 
1. 0383 1. 0319 1. 0277 
1.2 .. 2 1.319 1. 372 1. 406 
1.312 1.270 1. 239 1. 219 
0.97 .. 0.910 0.860 0.825 
0.6 .. 2 0.588 0.551 0.529 
0.392 
. 0. 359 0.338 0.321 
Composition: 5.1685 g NaBr; 24.0278 g H20 
41.3 51.1 61.8 
1.1376 1.1310 1.1259 
1.187 1.236 1. 283 1.316 
1.2 .. 6 1.222 1. 202 1.174 
o.a9s 0.856 0.824 0.796 
o.ssa 0.531 0.508 0.484 
0.327 0.300 0.287 
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Table 55 (continued) 
tion: 7 . 7430 g Na Br; 22.7599 g H2o 
31.1 42.4 62.8 69 . 3 
1.2195 1. 2144 1. 2008 1.1961 
1.171 1.219 1.278 1. 300 
1.210 1.177 1.141 1.114 
0.848 0.803 0.760 0.735 
0 . 511 0.485 0 . 448 0.429 
0 . 294 0 . 281 0 . 258 0.247 
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Table 56 
Absorbances for a Sodium Bromide - Formamide System 
Function of Solution Composition, 
Wavelength , and Temperature 
ition: 0.5938 g NaBr ; 11 . 1847 g Formamide 
40.9 
1. 1 525 
0 . 06 0 
0.288 
0.50 3 
0 . 557 
0.30 3 
42 .7 
1.1485 
0.060 
0. 296 
0 . 502 
0. 557 
0 .300 
54 . 0 
1.1419 
0 . 065 
0. 300 
0.520 
0. 562 
0. 296 
64 . 2 
1.1318 
0 . 060 
0 . 302 
0 . 525 
0.562 
0 . 285 
77 . 1 
1.1189 
0 . 067 
0 . 313 
0 . 546 
0 . 573 
0.285 
1 . 3917 g NaBr ; 11 . 1749 g Formamide 
47 . 8 
1.204 6 
0.051 
0.269 
0.480 
0.539 
0.291 
60 . 7 
1.1932 
0 . 052 
0. 280 
0. 49 6 
0. 54 5 
0.28 4 
75.9 
1. 1794 
0.053 
0. 2 85 
0 .560 
0 . 553 
0.274 
2 . 23 8 8 g NaBr ; 11 . 1837 g Formamide 
43.8 
1.2601 
0.057 
0.253 
0.453 
0.524 
0.285 
54.9 
1. 25 62 
0.057 
0.268 
0.465 
0.5 27 
0.28 4 
68.7 
1. 2411 
0.0 58 
0.267 
0. 478 
0.5 28 
0.271 
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Table 56 (continued) 
tion: 2.9569 g NaBr; 10.9810 g Formamide 
44.1 54.3 60.8 71.7 
1.3043 1.2913 1. 2902 1.2812 
0.056 0.057 0.055 0.057 
0.245 0.254 0.254 0 . 258 
0.433 0.448 0.451 0.460 
0.510 0.512 0.512 0.515 
0.286 0.278 0.272 0.270 
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Table 57 
Absorbances for a Sodium Bromide- Water - Formamide 
as a Function of Solution Composition , 
Wavelengt h, and Temperature 
6. 117 5 g NaBr; 16 . 7920 g Formamide; 
8.3270 g H20 
31.7 40.4 48.6 59.2 69.8 73.2 
1.2517 1.2454 1. 2391 l. 2 306 1. 2221 1. 2190 
0.374 0.390 0.403 0.406 0.419 0.460 
0.590 0. 590 0.586 0 .577 D. 571 0.602 
0.623 0.620 0.620 0.611 0.607 0.637 
0.540 0.535 0.528 0 .514 0.518 0.548 
0.297 0.289 0.282 0.266 0.261 0.293 
tion: 3. 0071 g NaBr ; 16 .77 3 2 g Fo r mami de; 
9.2800 g H20 
31.2 39.5 50.1 62.6 72.3 
1.1653 1.1597 1.1521 1.1419 1.1336 
0.412 0.425 0.432 0.439 0.438 
0.633 0.628 0.620 0.605 0.584 
0.660 0.660 0.650 0.638 0.627 
o.s5g 0.552 0.543 0.539 0.528 
0.302 0.293 0.281 o. 271 0.264 
(#) 
ID 
0 
4( 
SOLUTION COMPOSITION• 
.02318 MOLES SODIUM BROMIDE 
.37340 MOLES FORMAMIDE 
.52291 MOLES WATER 
DENSITY: 
1.154 G/ML AT 15° 
1.119 G/ML AT 63° 
.0 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
L37 L43 1.49 L55 1.61 
>..,.,. 
1.67 1.73 L79 L85 
CHARACTERISTIC SPECTRAL SHIFTS IN FORMAMIDE-SOOIUM BROMIDE-
WATER SYSTEMS AS A FUNCTION OF TEMPERATURE 
..... 
~ 
w 
12'+ 
t o f data . Because of all the inherent 
connected with this method--high concentration 
lack of a 
changes, etc. - -the calculatio ns and evalua-
following manner. 
for calculating 
spectra of b inary s y stems in the following 
, absorpt i v ities , a ( A, T ), were calcula ted for 
and pure formamide based on the total concen-
a function of A, T , C for the binary 
i) one inf rared active component were calcu-
fundament al equation s 
- 21 -1 3 wt \ 
- a em mole x 10 em x p g / cm x -1 
HW g mole 
•AA,T,C 
calc 
A>.,T,C 
obs 
active components 
A).,T,C 
obs 
(9) 
/ (10) 
( 11 ) 
(12) 
density of the solution; 
in the ternary system 
a1 X 10-l p X wt\ 1 + a 2 X 10-l p X wt\ 2 
~1 ~2 
_ AA,T,C _ ~~T,C 
obs - ~~ 
4 for binary water-salt mixtures 
binary water- formamide mixtures 
binary formamide-salt mixtures 
125 
(13) 
(14) 
be expected to be zero if mixing without 
considered for spherical molecules. That 
be expected to be the A value normally seen by 
spectra for solution versus components in conven-
corrected for density changes. 
sa, 59, 60, and 61 list selected calculated 6's 
binary and ternary solutions . These are in the 
list the observed A's. Figure 20 
versus temperature for the two ternary solu-
in Table 61. Since a blue shift occurs and 
the largest increments, 6 1 s have been 
this wavelength. 
126 
Tables and Figures of Derived Data 
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Table 58 
Difference Spectra for the Formamide-Water 
as a Function of Solution Composition , 
Wavelength, and Temperature 
1.2719 g Formamide ; 15 . 3320 g H20 
30.5 41.7 51.1 61. 3 6 6 . 5 
l. 05 27 l. 045 5 l. 0394 l. 0329 l. 0303 
0.075 0.08 2 0. 073 0 . 036 0. 029 
-0.001 - 0 . 005 - 0 . 039 - 0 . 050 - 0 . 040 
-0.0 39 -0. 041 - 0 . 05 8 - 0 . 057 - 0 . 063 
-0.02 4 -0. 02 1 - 0 . 030 - 0 . 036 - 0 . 039 
-0.010 -0. 003 -0. 01 5 -0. 010 - 0 . 012 
11. 2 7 33 g Formamide ; 9 . 9414 g H2o 
31.5 42.9 52.5 6 3 .8 
l. 0666 l. 056 8 l. 0497 l. 04 1 9 
0.062 0.075 0.074 0.0 2 5 
0.003 
-0.003 -0.0 20 -0.0 37 
-0.035 
-0. 04 3 -0. 05 3 -0.0 59 
-0.030 
-0.026 -0.0 3 5 -0. 037 
-0.010 0 -0.016 -0. 011 
16.8558 g Fo rmamide ; 10. 2493 g H20 
31.3 41.2 50.9 58.3 71.8 
1.0767 l. 0698 l. 0630 l. 059 2 l. 0531 
0.063 0.071 0.068 0.037 0.048 
0.001 
-0.006 -0. 018 -0.038 -0.033 
-0.037 
-0.046 -0 . 051 -0 .0 50 -0.060 
-0.030 
-0.029 -0.032 -0.028 -0 . 039 
-0.018 
-0 . 013 -0.01 5 -0. 0 20 -0.035 
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Table 58 (continued) 
22.5780 g Formamide; 5. 0219 g H20 
1+1.8 52.0 62.7 71+.1 
1.0953 1. 0839 1. 0761+ 1. 0650 
0.039 0.036 0.017 0.016 
-0.007 -0.013 -0 . 026 -0 . 005 
- 0.027 - 0 . 030 -0 . 037 -0.01+2 
-0.028 -0.026 -0.038 -0.039 
-0 . 022 -0 . 017 -0.023 -0 . 026 
129 
Table 59 
Spectra f or t h e Sodium Bromi d e -Water 
as a Func t ion o f Solution Compos i t i o n, 
·wavelength • and Temperature 
1.0170 g NaBr; 24.7140 g H20 
40.1 52.2 58.8 70.9 
1.0227 l. 0180 1.0146 l. 007 5 
0.013 -0.002 -0.077 -0.135 
-0.018 -0.065 -0.106 -0.139 
0.037 -0.040 -0.047 -0.079 
-0.010 -0.020 -0.029 -0.036 
0.001 -0.007 -0.099 -0.059 
l. 6767 g NaBr; 24.6403 g H20 
51.5 63.3 70.6 
1.0383 1.0319 1.0277 
0.002 -0.096 -0.130 
-0.073 
-0.130 -0.143 
-0.055 
-0.065 -0.071 
-0.033 
-0.036 -0.039 
-0.012 
-0.093 -0.058 
5.1685 g NaBr; 21l.0278 g H2o 
41.3 51.1 61.8 
1.1376 1.1310 1.1259 
0.007 
-0.017 -0.093 
-0.013 
-0.054 -0.101J 
0.014 
-0.003 -0.026 
0.049 0.034 0.025 
0.028 -0.057 
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Table 59 (continued) 
tion: 7.7430 g NaBr; 22.7599 g H20 
31.1 42.4 62.8 69.3 
1.2195 1. 2144 1. 2008 1.1961 
-0.025 -0.017 -0.095 -0.118 
0.008 -0.014 -0.110 -0.112 
0.039 0.032 -0.021 -0.029 
0.086 0.070 0.031 0.029 
0.074 0.062 -0.032 -0.006 
Table 60 
Difference Spectra f o r t h e Sod i um Bromide -
System a s a Function o f Solution 
Coaposition, Wavelength , and Tempera tu r e 
0 . 5938 g NaBr ; 11 . 1847 g Formamide 
131 
1+0 . 9 1+2 . 7 54 . 0 64. 2 77 . 1 
1.15 25 1. 1485 
-0 .031 - 0 .0 30 
-0.005 - 0 . 023 
0 .002 -0 . 007 
- 0.019 - 0 . 018 
- 0.0 25 -0 . 03 6 
1 . 1419 1 . 1318 1.1189 
- 0 . 034 - 0 . 027 - 0 . 030 
- 0 . 014 -0 . 005 - 0 . 009 
- 0 . 009 - 0 . 007 0 
- 0 . 024 - 0 . 019 - 0 . 030 
- 0 . 024 - 0 . 024 - 0 . 032 
1 .3917 g NaBr ; 11 . 1749 g Formamide 
1+7. 8 60.7 75 . 9 
1. 201+6 1.19 32 1 .179 1+ 
- 0. 019 -0.019 -0 . 017 
0.020 0.010 0 . 014 
0.038 0 . 030 -0.0 22 
-0.002 -0.010 - 0 . 01 8 
-0 . 026 -0 . 021+ -0. 021+ 
2 . 2388 g NaBr; 11 . 1837 g Formamide 
1+ 3 .8 54.9 68.7 
1.2601 1.2562 l. 2411 
-0.028 
-0.027 
-0. 02 6 
0.020 0.014 0. 02 2 
0 . 03 1+ 0.039 0 . 043 
-o . oo6 
-0.003 
- 0 . 005 
-0.019 
- 0 . 025 
- 0 . 022 
Table 60 (continued) 
ition: 2.9569 g NaBr; 10.9810 g Formamide 
'+'+.1 
1.30'+3 
- 0. 028 
0 . 022 
0.044 
-0 . 003 
- 0.026 
5'+.3 
1.2913 
-0 . 027 
0.020 
0 . 042 
-0.004 
- 0.025 
60.8 
l. 2902 
-0.023 
0 . 025 
0.050 
0.002 
-0.0 21 
71.7 
1.2812 
-0.025 
0.026 
0.053 
-0.003 
-0.027 
132 
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Table 61 
Difference Spectra for the Sodium Bromide -
System as a Function of Solution 
Composition, Wavelength , and Temperature 
6.1175 g NaBr ; 16.7920 g Formamide; 
8.3270 g H20 
31.7 40.4 48.6 59 . 2 69.8 73.2 
1.2517 l. 2454 l. 2391 l. 2306 l. 2221 l. 2190 
0.078 0.077 0.065 0 . 047 0.032 -0.007 
0.026 0.018 0 .001 -0.0 05 -0.017 -0.039 
0.006 0.005 -0.011 -0.010 -0.012 -0.029 
0.004 0.007 -0.003 -0.001 -0.014 -0.038 
0.012 0.015 0.004 -0.025 -0.018 -0.045 
Composition: 3. 0071 g NaBr; 16 .77 32 g Formamide; 
9.2800 g H20 
31.2 39.5 50.1 62.6 72.3 
1.1653 1.1597 1.1521 1.1419 1.1336 
0.073 0.084 0.083 0.063 0.064 
0.027 0.026 0.008 0.002 0.004 
0.003 
-0.005 -0.011 -0.011 -0.011 
o.ou 0.010 0.003 -0.011 -0.012 
0.018 0.024 0 . 017 -0.018 -0.003 
Figure 20 
X• 1.18 m 
• •2 .41 m 
10 20 30 40 ro 60 10 80 90 
TEMPERATURE 
CAWLATED DIFFERENCE SPECTRA 
FOR TWO FORMAM IDE -WATER-
SODIUM BROMIDE SOLUTIONS AS A 
fUNCTION OF TEMPERATURE 
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C H A P T E R I V 
DISCUSSION 
Comparison of Results with Literature Data 
in water in this work 
appeared elsewhere in the literature. These 
135 
provide a self consistent 
Table 62 summarizes these enthalpies of solu-
of the experimental values are close to those 
the literature . Since the literature values are 
agreement within stated error 
not expected since precision is only a function 
not reflective of chemical purity and other 
to accuracy. A glaring example of 
found with N-methylacetamide, however . This 
is attributed to the difficulty encountered in 
a dry opaque crystalline substance in these 
When the N-methylacetamide crystals were damp , 
greater transparency, larger exothermic 
observed. Because of the hygroscopic nature 
point , N- methyl-
ater systems were not investigated 
this work. 
13 6 
Table 62 
Enthalpies of Solution in Water 
Data (at 25° and atm pressure) 
Exp . t.Hw Lit . 6Hw soln soln Ref 
lccal mole - 1 Jccal mole -1 
0 . 4848 ± 0.0016 0.48 ± 0.01 46 
-1.706 ± 0.002 
-3.635 ± 0.005 -3.640 ± 0.029 39 
2 . 305 ± 0.001 2.28 ± 0.03 46 
-0 . 9402 ± 0.0013 -1.10 ± 0 . 03 46 
-1.195 47 
-5 .116 ± 0.002 -5.20 :t 0.03 46 
- 5.010 47 
0 . 4194 t 0. 0013 0.400 ± 0.006 48 
4 . 556 + 0.001 
0.6568 ± 0.0002 
2 . 340 t 0.001 
-3.569 t 0 . 005 -3.540 t 0 . 003 48 
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solute, formamide, in less polar 
water, gives an endothermic heat of solution 
mole- 1 ) which might be interpreted to indicate 
is spent separating the highly hydrogen 
molecules than is returned by the water-
However , the heat of solution of 
is unpredictable because it depends on the 
packing interactions. For example, 
the enthalpy of solution for 
. - 1) ·~~v•~'''P-· N -methylam~de (0.4194 kcal mole and that 
mole- l) 
~~l~ely four kilocalories or nearly two times the 
acetamide (2.305 kcal mole - 1 ). These compounds 
exothermic enthalpies of solution probably are 
which s olvate or create structure through hydrogen 
hydrophobic bonding, or dipole interactions. N, N-
, with little capacity to hydrogen bond, 
the same dipole moment as N-methylacetamide , 
t and could be classed as a structure maker . On 
has all three capabilities 
bonding, hydrophobic bonding , and dipole in~erac­
Horeover, N, N- dimethylformamide (a liquid) has the 
constit ution as NMA (a solid), but the enthalpy 
is significantly larger than that for NMA . Thus 
information about solute- solvent interactions 
138 
from data on the solution of amide in a 
Only the heats of transfer, from which 
amide-amide interactions have been removed from 
permit assessment of amide-electrolyte inter-
Corre lation of Enthalpies of Transfer 
in Amide-Water-Salt Systems 
coulombic effects are often assumed to be the 
only important effects, 5 it is possible 
electrostatic interactions within macro-
on the side chains from one 
are expected to differ in 
iveness of denaturation according to their 
in solution. With a shielding mechanism, the 
a monopole anion or cation with 
bonds might be expected to depend on the 
polarizability of the amide, and the size, 
of the ions , as well as the tern-
such polarization effects or London dispersion 
readily treated 
these must be present in the systems 
The contrast between expectation and the 
results suggest this. From electrostatics 
139 
sition of charge principle for noninteracting 
heat of transfer should occur. If a 
, such as hydrogen bonding, were 
might be constant as a func-
e concentration . However, a variable 
is experimentally ob s erved. The following 
reasons for suggesting 
these systems. 
a purely electrostatic 
the following argument. A 
r elationship for 6Htr from an ion- dipole 
Ki r kwood equation19 shows that the heat of 
i.e ., 6 should become less negative tr 
the ions increases . The heat of 
from water to the salt solutions, 
m sodium bromide and 0 . 5 m sodium 
- 130 cal/mole and -150 cal/mole 
This trend is opposite to that expected . 
Other hand, l et us consider the situation of an 
11ven moment and polarizability transferred to 
salt concentration but variable polar-
In t his study the "bare" (i.e ., no Ca 
group i nteractions with the electrolyte , as 
140 
transfer enthalpies with formamide , 
a s a function of the total ionic polariza-
f or a series of salts , with the data normal -
salt for ready comparison. The 
of transfer are interpolated from the data 
The total molecular ionic 
density for guanidine hydrochloride is deter-
. . . . 49 refract~v~ty data of K~elley and Harr~ngton 
technique of Bottcher . 50 The set of ionic polar-
radii51- 52 used for the 
those from the tabulation of Conway. 51 
of transfer as a function of the sums of the 
densities of the ions appears in Table 63 and 
Figure 21. 
of the discrepancies among the literature 
solution polarizabilities ( e . g ., compare Li+ = 
3 . + - 24 3 
em of Refe rence 51 and L~ = . 03 x 10 em of 
l i near relationship results. This rela-
interesting features . First , the correla-
extrapolat e s nearly to zero and second , the 
the line i s only a few percent less than the value 
for an amide , at the infinite dilution approxi-
!n an electrolyte solution of constant concentra-
.. asured ent halpy is observed to be approximated 
x 1024 cm3 x 108 em li73 'lr 
LiCl 0.08 0.60 3.02 1.81 0.21 -80 
NaCl 0.21 0.95 3.02 1. 81 0.11 5 -107 KCl 0,87 1. 33 3.02 1. 81 0. 21 - 114 
CsCl 2.79 1. 69 3.02 1. 81 0.2 7 - 119 
HgC1a 0.12 0 ,65 3 . 02 1. 81 0 . 35 - 194 
CaC1a 0, 53 0.9 9 3 . 02 1. 81 0 . 38 - 240 
SrC1 a 1. 42 1. 13 3 . 02 1. 81 0 . 43 - 278 
BaC1 a 1. 69 1. 35 3 . 02 1. 81 0 . 40 - 310 
LaCl a 1. 58 1. 15 3 . 02 l. 81 0 . 55 - 316 
NaBr 0.21 0.95 4,17 l. 95 0 . 19 - 130 
l<Br 0 . 87 l. 33 4.17 l. 95 0. 2 2 - 124 
Nai 0. 21 0 . 95 6 . 28 2.16 0 . 20 -150 
I< I 0 . 87 l. 33 6 . 2 8 2 . 16 0 . 24 - 136 
Sri a b l. 42 1.13 6 . 28 2 . 16 0 . 49 - 266 
CdC1 a 0.96 0.97 3 . 02 l. 81 0.47 - 193 
GuHClC 
-- -- -- --
0.19 - 146 
a . Polarization and ionic r adii data are from Re f. 51. 
b. The presence of more than one ionic s pecies has been ignored in the calculation 
of the sum of the polarizat i on density f or t his salt. 
c. Ca lculated f rom the refrac t i ve i ndex data o f Ref . 49. 
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POLARIZATION DENSITY OF THE 
OF THE HEATS OF TRANSFER OF 
FROM WATER TO 0.5 m SALT SOLUTIONS 
SUM OF POLA RI ZATION DENSITIES OF THE 
V+ +P-/ V-) 
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RT [r (~) + (~) ] 
(15} 
4/ 3 .. 
forces 54 - 55 occur between the ions and 
~Htr is reflecting this change in energy , a 
following type might be expected 
mamide a salt hvamide 
Ramide-salt distance 
(16} 
in hv e nergy can be effected by temperature 
thermal or collisional excitation. From this 
amide polariza-
function may tend to zero as the polarization 
the electrolyte goes to zero . 
to infer from these results that dispersion 
in these systems. 
of Salt Interaction and Amide 
f o r an Amide Consisting of Two 
Constrained Dipolar Peptide Units 
in the previ o us section that the transfer 
a simple pept ide unit , which has primarily 
of polarizabi l ity , can be shown to corr elate 
the field densit y than with the field intensity . 
shown through the total polarization density 
We have also tried to show that a purely 
was in contradiction to the experi-
1 whereas a dispers ion relations hip is con-
Let u s turn our 
of several or many 
by covalent linkages , pre s ent s a com-
problem. Even in a completely static 
to see whether t heir 
is to align parallel or nonparallel with i n 
must consider this before progres s ing to the 
dispersion effects may also occur. 
moment s, such as the two dipolar compo-
dipeptide, are in a horizontal position with 
the field direction, they will have less mutual 
parallel. 
can imagine dipoles as small vectors 
large vector so that 
< ------E 
dipoles are in a vertical orientation with 
the field, they will have less mutual potential 
1ft &nti Parallel alignment , such as 
HS 
' t __.;.-~ E < 
a d ipeptide is placed into a static field in 
~J,ImL~aL~ ion with respect to the field, it will 
internal 
Furthermore , if this dipeptide is allowed 
molecular rotational freedom , its minimum 
function of its rotation and , therefore, 
a function of molecular transla-
situat ion of the interdependence of internal 
translation will be termed as 
to describe what should happen 
is placed in a region or " domain" of fluctu-
fluctuation has the same 
translating the molecule , a field fluctu-
in an internal rotation or change of bond 
the t wo dipole segments. 
reg ion of microscopic local field 
c onsiderin g what is known about 
ions occ ur in solution with positive or 
be t r e ated as individual species. 
region in which 
(17) 
_,,~J•~ ... g two ions of opposite charge. Thus the 
fluct uate s in going from the domain of an 
1~6 
a cation , but it can change sign as well. 
field density changes as the acide moves 
point in the solution due to theraal motion . 
foregoing considerations it follows that 
-N-methylamide and N-acetylglycylglycine- N-
1 with predominantly one axis of polarization for 
three axes for perpen-
options open to them in 
field--t ranslate (rotate externally) or rotate 
Yet for a given field density , the indi-
dipeptide bonds should reach the same minimum 
separate peptide units uncon-
& covalent link, if excluded voluces for the 
retard free rotation and losses in entropy 
Also conjugation may increase the disper-
slightly. 
this, we will consider the heats of 
a function of the number of polariz-
the molecule. This is shown in Table 64 
22. 
consider the enthalpy of transfer for 
thylamide versus the total number of 
Table 64 
Entha1pies of Transfer Versus the Number 
of Polarizable Amide Electrons for Some 
Amide-Sodium Bromid e-Water Systems 
f.Ht 
b 
Humber of Dipole r -1 
Electrons Momenta cal mole 
0.5 m NaBr 
18 3.89 -120 
24 3.80 -47 
29 3.68 +60 
36 3.55 +93 
, Diss. Abs. ~(B), 4427 (1965). 
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f.Ht 
b 
r -1 
cal mole 
4.0 m NaBr 
-600 
+35 
+400 
+800 
Tables 14, 22, and 31; and 
approximated from Table 19 and Figure 2. 
-; 
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electrons for these two sodium bromide molali-
one overall dipole and again as two individ-
Then from Table 40 and Figure 10: 
52 electrons 
26 electrons/unit 
-liHtr 
0.5 m NaBr 
96 cal/mole 
48 ca1/unit 
-liH tr 
4.0 m NaBr 
32 cal/mole 
16 cal/unit 
we see that the transfer enthalpy 
versus the number of polarizable electrons 
is very nearly that predicted , on the basis 
sequence , for two independent peptide units . 
transfer enthalpy for the molecule as a 
with the prediction for a rigid 
Which the two units were parallel . It might be 
moment of N-acetylglycine-N-methylamide is 
monoamides and should not be in agree-
is true, but we note that the predicted sign is 
measured one, which cannot be accounted for 
of moments alone. 
dipoles of the 
of a polypeptide can interact individually, 
covalent bonds, of 
• in such a conjugated double bond system, 
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is a function of the internal angles 
the charge separation. Thus the dispersion 
a minimum or maximum with respect to the 
Effects o f Substituent Groups on 
Aaide-Salt Interactions 
considered peptides which were 
along one peptide axis where the 
the other two directions . 
indicate what should happen, on the basis 
mechanism, when substituent s are added 
monopeptide, disubstitutions at the 
on the nitrogen, 
along the second peptide axis . 
are bulky in relation to the 
free rotation is restricted . 
mode of minimizing its energy is effec-
reduced, which leaves the translational 
of minimizing its energy in the fluctuat -
However, this too can be effectively removed if 
ia so bulky that the field fluctuates at a 
rate the molecule translates. 
molecules--one of high molecular weight and 
l~ molecular weight salt ion--will translate at 
151 
to their respective molecular weights .) 
"retarded" dipole with excess energy. 
density increases, however, a point 
excess energy of the retarded 
to the energy required to overcome the rota-
, thus reinstating this mode of interaction . 
, if temperature were increased so that the 
could be reinstated as 
In this manner, increased salt or 
concentrat ion ( increased field density) is 
to added energy through an increased temperature. 
at some point the field 
a perpendicular moment sufficient to 
causes by the hindered rotation . At 
dipole is no longer retarded and free rota-
peptide bond occurs. If temperature is 
between translational and rotational 
be accessed through the vibrational modes . 
turn to the experimental results of the DMA 
In the absence of any external forces, the 
expected may not possess the element of symmetry 
w· 1 th a planar molecule since the rotational 
and relatively high. However, unlike 
there may be a nonplanar molecular form 
element of symmetry. This is the form in which 
152 
plane of 
methyl group and carbonyl group. 
these s ymmetrical forms would have one 
polarization. This may account for the 
and DHA results ; i . e., DHA displays 
region with certain of the electro-
• whereas NMP always exhibited endothermic 
dispersion forces are not only dependent 
concent ration , but may also be dependent 
studies with the bulky dipeptide 
~~~4ne-N-methylamide, there is a very high rota-
high moments perpendicular to that of the 
Thus it is unlikely that a small field 
from an electrolyte solution could 
or the perpendicular moments. The 
that the peptide units 
cannot interact with each other to reach a 
Experimentally, the exothermic contribution 
have been 
interpeptide 
be minimized. The increase in energy of 
dipole or the constraints within a mole-
related to the configurational entropy, which 
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E. Entropy-Enthalpy Relationships 
in the previous section that additivity of 
does occur when similar syst~ms are 
judicious manner, i.e., the ~tr for the 
N-acetylglycine-N-methylamide may be con-
sum of two separate peptides, such additivity 
the following pairs of systems: 
- Potassium Iodide -
N-Acetylglycylglycine-N-methylamide -
Iodide - Water, 
lycine-N-methylamide - Guanidine 
- Water and N-Acetylglycylglycine-N-
- Guanidine Hydrochloride - Water, 
ne-N-methylamid~ - Potassium Iodide -
Potassium 
-N-methylamide - Guanidine 
- Water and N-Acetylalanine-N-
- Guanidine Hydrochloride - Water, 
-N-methylamide - Potassium Iodide -
N-Acetyl-leucine-N-methylamide - Potassium 
-N-methylamide - Guanidine 
- Water and N-Acetyl-leucine-N-
- Guanidine Hydrochloride - Water. 
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transfer enthalpy, without reference to 
systems is then calcu-
that group not common 
paired systems . The results of these 
shown in Tables 65 - 67 and Figure 23 for 
chain , leucyl side chain and peptide 
the f a ct that Tanford56 has made similar 
calculations for the transfer free energy 
and pept ide groups resulting from the paired 
ne Hydrochloride- Water and Glycine-
and 
Hydrochloride - Water , 
Hydrochloride- Water and Glycine-
Hydrochloride- Water and Glycine -
Hydrochloride-Water , 
group entropic cont r ibutions are calculated 
88
-69 from the equat;on h T d 
• ~gtr = ~ tr - ~ str an 
of the enthalp ic group cont r i bution 
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Table 65 
of Transfer of an Alanyl Side Chain 
to Electrolyte Solutions 
for an Alanyl Side Chain from Water 
Potassium I odide Solutions 
• 5 1.0 1.5 
-160 -250 -295 
-15 +20 +65 
+145 +270 +360 
~ for an Alanyl Side Chain from Water 
to Guanidine Hydrochlor ide Solutions 
• 5 1.0 3.0 
-210 -400 -680 
-115 -200 -300 
+96 +200 +380 
6.0 
-850 
-220 
+630 
Table 66 
of Transfer of a Leucyl Group 
Electrolyte Solutions 
Side Chain from Water 
to Potassium Iodide Solutions 
.s 1.0 1.5 
-160 -2 50 -295 
+80 +210 +370 
+2~0 ·~so +665 
for a Leucyl Side Chain from Water 
Hydrochloride Solutions 
.5 1.0 3 . 0 
-210 -400 -680 
-so -25 +100 
156 
6.0 
-850 
+330 
+160 +375 +780 +1180 
157 
Table 67 
of Transfer of a Peptide Group 
Electrolyte Solutions 
H 
Peptide Group (-2-C -~-) from Water 
to Potassium Iodide Solutions 
1. 25 2 .75 4.30 6.25 
-700 - 1150 -1280 -1280 
-270 -345 -230 +25 
-430 -805 -1050 -1305 
Hydrochloride Solutions 
.so 1.0 1.5 3.8 
-305 -560 -720 -1280 
-210 -400 -510 -750 
-95 -160 -210 -530 
Figure 23 
OF SALT 
.OF TRANSFER OF GROUPS 
WATER TO SALT SOLUTION 
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10 
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Table 68 
Values o f the Entropy for t he Transfer of Le u cyl 
Side Chains from Water t o Guanidine Hydroch l oride 
Solutions a t Cons t ant Temper ature ( 25°C ) 
t.h a 
t r 
cal mol e- l 
+160 
+375 
+780 
+1180 
+95 
+200 
+380 
+630 
b 
t.gtr 
- 1 
c a l mole 
-60 
-110 
- 260 
- 370 
-5 
- 10 
-20 
- 30 
-Tt.scalc 
tr 
cal mole- l 
+2 20 
+485 
+10 4 0 
+1650 
+1 00 
+210 
+400 
+660 
from Tables 65 and 66 ; and from 
~!:rpolated from the dat a in Reference 56 and 
a of Re ference 49 wit h the appro x imat ion that co~olume contribution is negl i gible at the 
centration used . 
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Table 69 
Values of the Entropy for the Transfer 
Group from Water to Guanidine Hydrochloride 
Solutions at Constant Temperature (25°C) 
Ah a 
tr 
cal mole-l 
-95 
-160 
-210 
-530 
b 6gtr 
cal mole-l 
-30 
-10 
-105 
-175 
-T6scalc tr 
cal mole-l 
+65 
+80 
+105 
+355 
from Table 67 and Figure 23. 
interpolated from the data in Reference 56 and 
ty_data of Reference 49 with the approximation 
amide volume contribution is negligible at the 
concentration used. 
Figure 24 
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interesting conclusions to result from these 
1) the apparent large and linear enthalpy-
similarity between the 
hydrochloride and potassium iodide. 
with Tanford's conclusions regarding 
are based entirely on free 
simple dipeptide models , we conclude 
compensation may be an important 
i sothermal denaturation by salts. At 
exothermic 
and an endothermic salt-hydrophobic 
This is not the case with the free 
the evidence for enthalpy-entropy 
kinetic studies of aqueous solutions is so 
it . th . . . 57 1s e top~c of an extens~ve rev~ew. 
enthalpy-entropy compensation is attrib-
undesignat ed property of water. However, the 
not find any definite evidence that the theory 
Where changes in charge distribution occur, 
proteins in aqueous electrolyte 
a basic electrostatic element and a 
compensation. 
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indicate here with model compounds, 
in the lysozyme denaturation model , 
isothermal denaturation probably needs to 
both the electrostatic effects within the macro-
enthalpy - entropy compensation . Unfortunately , 
energy data is not presently available to 
e ntropies for the other model amide 
interesting to note , however , that acetone 
enthalpy-entropy compensation whereas 
shows no change in entropy other than mix-
This is in contrast to the heats of solu-
very similar as would be expected from their 
(See Appendix I .) Also it is interesting 
out parameter is related to this enthalpy-
~~~'11tiiaLion phenomenon. We note that a limiting 
acetone calculated from the 
opposite in sign to that determined from 
(see Table 75 of Appendix I) , whereas the 
for propanol for both the free energy and 
similar in magnitude con-
difference in concentration ranges used to 
to the infinite dilution approximation. 
therefore that the enthalpy-entropy compen-
is not exclusively a property of the amide 
165 
to be general for any molecule with a 
or less symmetry . Preliminary indica-
a double bond character for the solute 
1 in aqueous solution, for the enthalpy-entropy 
to occur , suggesting a bond rearrangement 
enough free energy data available 
This is one area of investigation 
effect phenomena where further study 
Consideration of Additivity as Applied to 
of Transfer and its Relation to the 
of Denaturation of Lysozyme 
by Electrolytes 
in the previous section, the 
molecule is an important factor determining 
transfer. It is the angle dependencies of 
r~~t:rihutions and steric factors which cause the 
enthalpic group contributions 
considered over a wide electrolyte molality 
-.!de-electrolyte interactions or the enthalpies 
are tensor quantities rather than scalar quan-
1 free energy group contributions 6 • 54 • 55 • 58 
linearly addit ive for two reasons: 1) the 
enthalpy and entropy 1 effects were large y com-
166 
and 2) the models used were of similar geometry 
at their minimum free energy configurations so 
were comparable. 
general , entropic and enthalpic contribu-
so simply additive over an electrolyte molali-
formamide - electrolyte-
, and the inductive effects in the conjugated 
peptide "backbone" in which there is primarily 
of polarization . 
at present impossible to determine, a 
detailed configuration of an enzyme, we consider 
applying the nonadditive or geometry depend-
of the model systems to an enzyme system. 
state model, i.e ., that in which 
denatured molecules are present- - no inter-
, for the polyglycine- like backbone 
and also assume that in the native helix 
is only one angle of minimum energy 
167 
be zero or a multiple of 180°. In a similar 
the denatured state , no preferential conformation 
The polyglycine-like backbone is in the random 
Since from the conjugated model amide, i.e ., 
ine-N-methylamide, enthalpic group con-
additive, the enthalpy of 
groups from water to salt solution 
times that found for a model peptide 
salt concentration is increased, the 
~~Ar!~~·~istic of a helix would be stabilized by an 
dipole moment--for parallel dipoles have been 
high field strength or electrolyte 
In this way the inductive amide-electrolyte 
measure of the helical content of the 
When C substituents interfere with 
a 
the peptide bond, there results a 
possible inductive interaction . The 
inductive polarization is then a function of the 
contribution is the only exo-
1 all perturbing forces due to Ca and N substitu-
be lumped together into one general endothermic 
(18) 
concentration midpoint for conformational 
}( = 1, 
6htr ( pep) + L 6htr(nonpep ) 
n 
168 
(19) 
( 20) 
(21 ) 
concentration at which denaturatio n 
lhtr(pep) = L 6htr ( nonpep) - T6Str 
n 
( 22) 
only one term in the case of 
inherent term. 59 Thus, 
lhtr(pep) = L 6h ( nonpep ) - T6Str ( inherent) (23) 
n tr 
large variety of hydrophobic groups involved, 
side o f t h is equation is presently indeter-
exothermic nature of the peptide i nter-
to t he endothermic nature of the 
interactions , the maximum exothermic enthalpy 
is 
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( 24) 
: n(-6htr(pep )] (25) 
compensation, as 
leucyl and alanyl side chains (figure 24), 
nonpep) = -T6Str(inherent) ( 26) 
the s ame sign , the total transfer entropy in 
considered even though that term could be 
component parts. For such cases of compensa-
(equation 24) may approximate the heat of 
hand, f or the cases where compensation 
• such as s ystems where all hydrophobic groups 
the solvent before denaturation , 
(27) 
of denaturation would occur , 
(28) 
may be compensated by 
entropy of the chain rather than that of t he 
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provide limiting values for 
o f denaturation for enzymes, provided that 
entropies apply in this case. 
denaturation, at pH 2, by 
hydrochloride (Table 51) was experimentally 
the e nthalpy of transfer of lysozyme from a 
3 . 5 m guanidine hydrochloride 
pH 2 c ~ 10 - 2 HCl buffer) . The denaturing 
n for pH 2 is slightly greater than that 
60 by K. Aune by spectroscopic 
As tabulated in Table 70 , this calori-
copic measurements of Aune . 
the heats of transfer , and presumably the 
dependent on temperature and 
capacity entry of Table 70 cannot be 
to the others. That is, the enthalpy of 
be an intrinsic property of the enzyme 
the solvent and temperature . 
because there may be two (or more) de-
if biological activity loss is the only 
The one denatured state is that in which all 
ftoee to rotate from · · · d the act~ve conf~gurat~on an 
in Which the angles are fixed at minimum potential 
than th 
at in the native state . 
Table 70 
Comparison of the Enthalpies of 
Denaturation of Lysozyme 
Conditions 
pH 1 
HCl-water 
25° 
3\ soln. 
pH 2 
GuHCl var. 
Temp. var. 
•1\ soln. 
pH 2 
3.5 m GuHC1 
25° 
"ls\ soln 
+Miden 
-1 k:cal mole 
55 
25 
24 
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Ref. 
61 
60 
This Work 
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transfer data for model compounds , a theoreti-
already been formulated which predicts the 
for enthalpies of denaturation in 
A rough calculation of the 6Hden 
calculation includes the two limits--1 ) com-
compensation. Since lysozyme does not 
significantly upon denaturation suggesting 
the groups are already exposed t o the solv-
or little compensation--is expected for the 
experiment of lysozyme in an isotherm.al 
7 for the N- Acetylglycine - N- Hethylamide--
fo r 
lglycine- N- Hethylamide--Guanidine 
ter s y s t em , the interpolated 6Htr' s at 
at 3.5 m GuHCl ) / 2 peptides = -7 2 0 c al ( 29) 
::: - 36 0 cal (30) 
does not have a high helix content , this 
for shor t helical runs rather than a 
(-500) for a peptide within a longer helica l 
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:: 1220 cal ( 31) 
:: -410 cal (32) 
:: -380 cal (33) 
129 peptide units s o that for the case 
:: 129 x -383 :: SO kcal (34) 
where no compensation occurs, 
:: ~ 6Hden(max) :: 25 kcal (35) 
no change in ionization of titratable groups 
~ltuira,Tion since the pH was f i xed as a constant pH 2 
to note that these two values are 
ted experimentally, Table 70. The maximum, 
from total hydrophobic enthal py-entropy compensa-
by the heat capacity measurements. 
Calculated from the assumption for no compensa-
aa expected for the isothermal calorimetric 
.. ain for spectroscopic measurements corrected for 
1n activity of the solvent due to temperature 
17~ 
Since the 25 kcal value was obtained very close to 
feel this is more representative of 
than the 55 kcal value which may 
further step to a different inactive configura-
finding that lysozyme does not require the enthalpy-
that the number of 
are exposed to the electrolyte by 
process, is probably small. On the other 
with some buried groups in its 124 resi-
35 kca1 62 for GuHCl, which is between the 
The possibility that a number 
are exposed during the denaturation of ribonuclease 
DOted elsewhere. 62 
' it is interesting to note that at 3. 5 m GuHCl, 
~:entr'ation at which lysozyme denatures at pH 2, the 
model group is roughly -400 to 
This is the order of magnitude calculated 
transition per peptide unit for poly-
<-~aa cal/residue). 63 Although direct comparison 
at least consistent with the lyse-
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G. Spectroscopic Considerations 
infrared spectra for formamide-sodium bromide-water 
a general blue shift of the rotational-
which is increased both by an increase of 
an increase of temperature. The 
difference spectra, with electrostriction effects 
1 indicate very small absorbance differences, which 
Characteristic dependence upon temperature. These 
dispersion and with the inter-
of the calorimetric data, but unfortunately do not 
the spectroscopic 
H. Conclusions 
an attempt to better characterize the forces 
for isothermal denaturation by salts, we have 
Y measured the changes in enthalpy that occur 
of a simple amide series from water to an 
for a series of salts and various 
of the amide transfer enthalpy 
Peptide (based on formamide as a model compound) 
total polarization density of the solvent, we have 
dispersion effects are present. 
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and find our data consistent with the 
forces have angle dependent maxima and 
that t h e conformation of a dipeptide is dependent 
subject to a number of constraints--covalent 
volumes, charge groups, etc. Also a sym-
for dipeptides with large hydrophobic 
1 entropy- enthalpy compensation results. The 
but 
of relieving such stresses through the minimi-
with bond rotations. 
in cases where the stresses are 
large and the individual peptide units even-
energy in the electrolyte field , the 
or configurational 
the stress applied to achieve 
transition . 
favoring configurational 
opposite t o the constraints and have presented a 
eat• 111late the possible maximum and minimum values of 
Of denaturation . model could be 
range in which 
would occur if the heat of denaturation were 
Other experime nts . ) 
have compar ed the two extreme values obtained 
IOdel for lysozyme denaturation with literature 
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a literature value in agreement with each 
This may be fortuitous. 
observed that spectroscopic results are con-
interpretation of calorimetric data . 
the results of a detailed examination of 
literature are too voluminous to report in 
is interesting to note that among peptide, 
enzyme data from spectroscopic, calorimetry, 
tion and other studies in the chemical 
considered, we did not find any that contra-
hypothesis . On the contrary , there are 
contradictions which can be removed by 
sis; such as, the apparent discrepancies in the 
the different methods, 
of certain organic salts as protein 
we realize the difficulties the dispersion 
in theoretical calculations, but nonetheless 
are possibly the configuration deter-
so that any successful theory must fully 
Obviously there is much to be done 
a general helix-coil theory which in-
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APPENDIX I 
al values obtained from work concerning the 
with acetone and propanol are shown in 
For convenience , graphical representations of 
Figures 26 - 27. 
values for the "a" salting out parameters, 
the SUNY/Bingham-
6Htr data using 
(36) 
form of the equation used by Schrier, 
coefficients appear in Table 75 along with 
~Gtr measurements as extracted from the 
The calculated 6Str that resulted from these 
the criterion used to judge the presence of 
compensation . Although the free energy of 
is predominantly determined by its 
small contribution from the charge 
is present, as is indicated by 
is presented as evidence that the 
effect appears not to be unique to the peptide 
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be general for all double bonded or conju-
in aqueous solution. 
Table 71 
Enthalpies of Solution Pe r Hole of 
Propanol Dissolved to Give Var i ous 
Molalities in Wate r 
Alcohol Molality 
IDl X 10 2 
l.IJ7S3 
5.161JIJ 
6.5376 
6.9139 
8.3800 
9.8585 
-Mfw 
soln 
-1 
xca.l 111ole 
2.1l23 
2.1120 
Ave. 2.1J25!0.002 
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Table 72 
of Solution Per Hole of Propanol Dissolv ed to 
Molalities i n Sodium Chloride Solutions. 
Enthalpies of Transfer of Propanol from 
Water to Sodium Chloride Solutions . 
Sa l t Mola lity 
0.0143 
0.1175 
0.1175 
0 . 1175 
Ave. 
0.2631 
0.2631 
Ave. 
0.5160 
0 . 5160 
Ave. 
0.9898 
0.9898 
Ave. 
1. 5985 
1. 5985 
Ave. 
2 . 0854 
2.0854 
Ave. 
2.3823 
-6Hws 
s oln 
kcal mole-l 
2.422 
2.395 
2 .3 9 3 
2.389 
2. 393±0 . 002 
2.342 
2.334 
2.338±0.004 
2. 246 
2.250 
2.248±0.002 
2.083 
2. 080 
2.082±0.002 
1. 889 
1. 891 
1.890±0 . 001 
1. 737 
1. 737 
1. 737±0. 000 
1.649 
Mi a 
tr 
-1 kcal mole 
0.003 
0.032±0. 00 2 
0.087 ±0. 00 3 
0 . 177± 0 . 00 2 
0. 343±0. 002 
0.535±0. 00 2 
0.688±0. 00 2 
0.777 
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Table 72 (continued) 
ty Salt Molality -6HWS 6Htr 
a 
soln 
!<cal mole -1 !<cal mole -1 m2 
2.8840 1.499 
2.8840 1. 502 
Ave. 1.501±0.002 0.924±0.002 
3.4513 1. 320 
3.4513 1. 333 
Ave. 1. 327±0. 006 1.098±0.003 
value used in obtaining 6Htr may be found in 
Table 73 
Enthalpies of Solution Per Mole of 
Acetone Dissolved to Give Various 
Molal i t ies in Water 
Acetone Mo lality 
• 1 X 10
2 
1.0659 
1.6053 
-6Hw 
soln 
kcal mole-l 
2.~37 
2.~36 
Ave. 2.~36 ± 0.001 
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18'+ 
Table 7'+ 
Solution Per Hole of Acetone Dissolved to 
Molal ities in Sodium Chloride Solutions . 
Enthalpies of Transfer of Acetone from 
Vater to Sodium Chloride Solutions . 
Salt Molali ty 
0.0143 
0.1175 
0.1175 
Ave. 
1.0498 
2.0854 
2.3822 
2.8840 
3.4513 
3.4513 
Ave. 
-t.HWS 
soln 
kcal mole-l 
2.439 
2.433 
2.437 
2.435±0.002 
2.402 
2.359 
2.321 
2.294 
2.263 
2.263 
2 . 263±0.000 
t.H a 
tr 
kcal mole-l 
-0.003 
+0.00 2±0.00 2 
+0.034 
+0.077 
+0 .115 
+0.142 
+0 .173±0 . 001 
Value used in obtaining t.Htr may be found in 
Table 75 
for the Propanol and Acetone Sy stems 
+.31+7 
+.006 
-.011 
-.132 
-.oso 
+.020 
-.0028 
.... 7 
58 Propanol 
a = +.1654 
b = -.0037 
c = +.0070 
d = -.0206 
fit std dev = 1.2 x 10-3 
a = +.1041 
b = -.0121 
c = -.0016 
d = -.0053 
Figure 26 
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Figure 27 
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• c~-c -cH3 
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